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Volume  5  of  the  Navy  Tactical  Applications  Guide  (NTAG)  series  is 
devoted  to  regional  weather  analysis  and  forecast  applications  in  the 
northern  Indian  Ocean.  Part  1  of  Volume  5  is  dedicated  to  operationally 
important  weather  phenomena  affecting  the  region  surrounding  and 
including  the  Red  Sea  and  Persian  Gulf.  Part  2  extends  the  area  of 
interest  to  the  Arabian  Sea  and  Bay  of  Bengal.  The  case  study  technique 
of  relating  weather  satellite  imagery  to  concurrent  conventional  weather 
data  and  analyses  from  the  surface  to  the  upper  troposphere,  along  with 
available  numerical  guidance  products,  is  continued,  focusing  on  the 
unique  weather  characteristics  of  the  Indian  Ocean  region. 

Whereas  the  topics  of  blocking  and  cyclogenesis  were  emphasized  in 
previous  volumes,  it  is  the  powerful  monsoon  influences  of  winter  and 
summer  that  become  the  dominant  interest  in  the  Indian  Ocean. 
Duststorm  generation  is  a  subject  of  major  interest  because  of  its  effect 
on  operations  thoughout  the  northern  portion  of  the  Indian  Ocean 
region.  The  ability  to  detect  duststorms  over  land  areas  at  the  time  of 
earliest  inception  in  satellite  data,  and  to  forecast  the  areas  most  likely  to 
be  influenced  by  the  dust,  is  given  special  attention. 

The  Indian  Ocean  volumes  are  intended  as  an  evolving  series  which 
will  be  supplemented  with  additional  material  presently  under 
development.  The  initial  material  is  being  distributed  to  the  fleet  to 
expedite  access  of  completed  work  for  operational  use. 

As  with  case  studies  developed  for  previous  volumes,  many  of  the 
principles  derived  for  Indian  Ocean  weather  analysis  and  forecasting  are 
genera!  in  nature  and  equally  applicable  to  similar  weather  events  in 
other  areas  of  the  world. 

It  is  anticipated  that  these  guides  will  be  useful  supplements  to  other 
material  available  for  the  Indian  Ocean  region  in  their  emphasis  on  new 
aspects  of  weather  satellite  interpretation  for  improved  weather  analysis 
and  forecasts. 
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Red  Seat  Persian  Gulf 

Physiography 

The  Red  Sea  lies  in  the  northern  extension  of  the  eastern  branch  of  the 
great  Rift  Valley  of  eastern  Africa  (lA-2a).  It  is  surrounded  by 
mountainous  terrain  which  rises  sharply  to  high  elevations  from  a 
narrow  coastal  plain  (1  A-3a).  The  Red  Sea  is  about  1,200  n  mi  long  with 
its  greatest  width  ( 190  n  mi)  in  the  southern  part  where  the  mountains  are 
also  the  highest.  The  great  Nubian  and  Arabian  Deserts  are  located  to  the 
west  and  east  of  the  Red  Sea,  respectively. 

On  the  African  side,  a  ridge  some  20-30  n  mi  inland  roughly  parallels 
the  coast.  The  ridge  is  about  3,000  ft  (914  m)  high  in  the  north,  with  a 
significant  gap  in  the  north-south  barrier  near  Tokar.  South  of  16°  N, 
the  mountains  bordering  on  the  Red  Sea  arc  about  6,000  ft  (1,828  m) 
high. 

On  the  Arabian  side  of  the  Red  Sea,  there  is  a  higher  and  broader 
mountain  barrier.  The  mountains  exceed  4,500  ft  (1.372  m)  from  the 
northern  end  of  the  Red  Sea  to  about  27c  N:  from  there  southward  to 
Jidda,  they  are  mostly  above  3.000  ft  (914  m).  South  of  Jidda,  the 
mountains  are  ov^r  6,000  ft  (1,828  m).  1  he  high  terrain  surrounding  the 
Red  Sea  forms  a  large  channel  which  is  called  the  Red  Sea  basin.  1  his 
high  bordering  terrain  disrupts  the  flow  around  cyclonic  disturbances 
crossing  the  region,  resulting  in  pronounced  channel  flow  in  the  Red  Sea 
basin.  The  gaps  and  lower  portions  of  the  surrounding  barriers  provide 
favored  areas  of  flow  into  the  Red  Sea  basin  from  the  deserts  on  either 
side. 
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The  Persian  Gulf  is  located  to  the  east  of  the  Red  Sea  ( 1  A-2a).  The  gulf 
is  approximately  450  n  mi  long,  with  widths  varying  from  100  to  1 80  n  mi. 
The  Persian  Gulf  is  bounded  on  the  south  and  west  by  the  peninsula  of 
Arabia,  and  on  the  north  and  east  by  the  Asian  Continent. 

Along  the  Arabian  coast  of  the  Persian  Gulf  is  a  vast,  low-lying  desert. 
Mountainous  terrain  (Hajar  Mountains,  lA-2a  and  3a)  is  located  along 
the  southeastern  coast  of  Arabia,  bordering  on  the  Gulf  of  Oman. 
Mountains  rise  sharply  from  the  sea  to  about  6,000  ft  (1,828  m)  in  this 
coastal  region. 

To  the  north  and  east  of  the  Persian  Gulf,  the  terrain  is  also 
mountainous  and  rises  sharply  to  the  tablelands  of  Iran  and  Afghanistan. 
In  some  places,  the  tablelands  rise  to  about  3,000  ft  (914  ni)  directly  from 
sea  level,  and  to  above  10,000  ft  (3,048  m)  further  inland,  with  some 
perennially  snow-capped  mountains.  Wide  valleys  parallel  the 
mountains,  along  with  strips  of  low  land  of  varying  width  between  the 
mountains  and  the  sea. 
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Autumn  Transition  (Octobcr-Novcmber) 

I  .ill  begins  the  transition  to  umla  temperatures 
whuh  pres  ail  over  the  Red  Sea  ami  l’ersian  Citill 
i  .ion  front  November  through  Apnl  Die  heat  lows 
o.ei  the  ailiacent  land  areas  begin  to  weaken  and 
im. ills  disappear  to  he  i-placcd  by  a  eool  ridge  as  the 
uioie.  on  trough  over  the  Indian  Ocean  moves 
■.athwart!  toward  its  winter  position  near  the 
I  pii.ilor 


Winds  are  generally  northwesterly  over  the 
noithern  Red  Sea  and  Persian  Gull.  but  may  become 
,  i.thulv  or  southeasterly  due  to  the  passage  of 
i..  t.-jlv  moving  mid-latitude  depiessions  from  the 
M  diterranean 

lim  southern  portion  ol  the  Red  Sea  undergoes  a 
.:  niiul  reversal  of  wind  diicctmn  at  this  time  due  to 
ii  oi.soonal  etteets  Irom  the  Arabian  Sea,  as  winds 
'but  liom  northwesterlv  to  southeasterly.  This 
re ,  ersal  produces  a  convergence  of  How,  giving  rise  to 

■  he  soiiveigenee  /one  cloud  band  (I'ZC’B).  normally 
h  •.  .tied  over  the  Red  Sea.  ncai  IS  20  N.  from 
( ).  tober  through  I  ebruary 

I  be  'tit lace  pressure  pattern  and  approximate 
ii.'tion  ol  ait  movement  ovei  the  Red  Sea  region 
doting  October  (IA-4u  and  -lb)  show  that  the 
.  otivergcncc  ol  air  over  the  Red  Sea  is  often  linked 
•a  oh  similar  convergence  in  a  t tough  or  cyclonic  wind 
'hear  region  extending  southeastward  toward  the 
i|  .t  .'-permanent  low  pressure  area  over  Sudan. 

I  he  GDI  S-lndian  Ocean  visible  picture  on  20 
t.Nlober  !4~4  tl.A-lia)  reveals  that  the  effect  of  this 
,  mu  .-rgenee  can  produce  extensive  convective 
.  I.  mliiiess  m  a  band  covering  the  northern  Red  Sea 
a  id  extending  southwestward  to  Sudan.  Disturbances 
t.ciiuently  move  northeastward  along  this  band, 
piodueing  tost  a  northward  and  (hen  a  southward 
d  ■placement  ot  the  t'/CB  ovei  the  Red  Sea.  The 
1 1  me  ur  rent  N  MC  surface  sti  earn  line  analysis  ( I  A-5h) 
d  -gists  leatures  of  flow  closely  approximating  the 
i  an  condition  lor  Octobci  (  I  A-4b) 

latitude  depression  oi  frontal  passage  in  the 
;i.  -oi tion  ot  the  Red  Sea  Persian  (mlf  region 

p:.  .....  asional  squalls  which  can  be  especially 
.  eie  intii.  'iult  of  Aqaba,  the  northern  Red  Sea.  and 
in  the  Persian  (lull,  vvbcie  they  ate  known  locally  as 
I  I.. limit"  I  hese  squalls  oeuir  from  early  October 
ti  lough  late  November  ami  in  rare  instances,  have 
hi  i,  repotted  to  have  bent  a.  eompamed  by  wind 

■  needs  exceeding  hurricane  !>.rce  >  N I  I'RI  .  1480). 


W'mK  in  excess  ot  2b  ki  hovu  vsr.  are  sutlicient  to 
s  cute  sandstorm  v  onditi' hi .  .letntm'ntal  to  operations 
ii  many  areas  Su,  h  wind'  .dmoM  always  aeeompanv 
ot  bdlow  movement  of  a  dcpic'sion  into  the  northern 
IV  r  sum  (lull  region  An  example  of  such  an 
oictmence  is  shown  on  the  ( ■(  )|  S-lndian  Ocean 
'  1'ible  picture  lor  2b  Octoh  i  14"")  (lA-ba).  I  he 
.  .u  responding  N  MC  surlacc  streamline  analysis 
i  I  A  bhi  displav s  southcrh  w im.ls  coming  around  the 
■■vest  side  ol  the  antieyelonc  over  the  southern  Arabian 


Peninsula,  bringing  moist  tropical  an  into  juxta¬ 
position  with  cool,  mod  died  polat  an  tiom  the  eastern 
Mediterranean.  This  produces  active  It  ontogenesis  in 
the  northern  Persian  Gull  region  with  very  strong 
moisture  and  temperature  discontinuities  {  uithcr 
movement  of  the  depression  southward  initiates 
sitoug  northerly  shamal  conditions  which  raise  sea 
state  very  rapidly  over  the  Persian  In. It 

Such  disturbed  conditions  are  not  the  iule.  however, 
during  the  autumn  transition.  Geneially,  weather  over 
the  region  during  this  period  is  benign  with  very  little 
low  cloudiness,  good  visibility,  and  only  occasional 
light  rain. 


Reference 

Nl  Pit  I  .  1 4K()  Weather  in  the  Indian  Ocean  to  Latitude  30 
Saudi  nngitudc9V  I  including  the  Red  Sea  and  Persian 
(ml)  V..I  2.  Pari  I  N  AVf  NVPRt  DRSCHl  AC 
technical  Bulleiin  80-02.  Naval  Invironmental 
Piediciion  Research  Facility.  Montcrev.  Calif..  8.1  pp 
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Red  Sea/  I'ersian  dull 
General  Heal  her  Rat  terns 


Northeast  Monsoon  (Dcccinher-March) 

1  he  northeast  monsoon  season  extends  front 
December  through  March.  I  It  is  is  the  cool  or  cold 
season  for  the  Red  Sea  and  I’etsian  (iulf.  In  January, 
an  extension  of  the  winter  anticyclone  over  central 
•Via  protrudes  over  Iran  and  into  the  northern  Persian 
(mil  region  ( I  A-Sa).  In  addition,  high  pressure  is  also 
lound  over  I'gypt.  while  an  insetted  tiough dominates 
the  Red  Sea.  as  shown  in  the  mean  surface  pressure 
and  wind  How  pattern  for  January  over  this  region 
(  I  \-Sa  and  Sb). 

Depressions  from  the  Mediterranean  frequently 
more  through  the  Red  Sea  Pctsian  Gull  region, 
producing  overcast  skies,  rain,  squalls,  and  thunder- 
storins.  Sand  and  duststorms  almost  always 
accompany  these  disturbances.  Aloft,  the  depressions 
show  a  branch  of  the  polar  jet  which  often  interacts 
with  the  subtropical  jet. 

On  those  occasions  when  a  large-scale  blocking 
pattern  is  established  either  oxer  I  mope  or  Asia,  a 
long-wave  trough  may  extend  southward  over  the 
northern  portion  of  the  Indian  Ocean.  Under  these 
conditions,  the  mid-latitude  jet  and  related  frontal 
systems  will  mo\e  through  the  Red  Sea  and  Persian 
Gulf  region  and  wyil  penetrate  well  into  the  central 
Arabian  Sea. 

Secondary  cyclogenesis  frequently  forms  over  the 
Persian  Gulf  to  the  south  of  the  mountain  ranges  of 
Iraq  and  I  urkey  With  the  approach  and  passage  of  a 
disturbance,  low-level  winds  will  first  be  southerly  and 
then  northwesterly.  I  he  strong  northwest  w  ind  events 
ovet  the  Persian  (iulf  are  known  as  the  "shantal”. 
Pet i one  (  1979)  addresses  the  winter  shantal  in  detail. 

I  he  DMSP  visible  picture  on  12  January  19X0 
( 1 A  -9,i  (shows  the  typical  cloudiness  over  the  Red  Sea 
during  the  northeast  monsoon  Northerly  low-level 
How  occurs  over  the  northern  and  central  portions  of 
the  Red  Sea  I  his  is  an  extension  ot  the  westerly  How 
lioin  the  eastern  Mediterranean  I  he  general  north¬ 
east  monsoon  llow  from  the  Arabian  .Sea  extends 
through  the  Gulf  of  Aden  as  easterly  flow  and  then 
ctiteis  the  southern  Red  Sea  as  southerly  flow.  The 
opposing  low-level  flows  of  the  Red  Sea  merge  near 
i  x  2(1  N  and  produce  a  climatological  cloud  feature 
ictcircd  to  as  the  convergence  /one  clouo  band 
It  /(  It.  see  See  1C.  Case  1 1. 

Skies  are  generally  clear  north  ol  the  CZCB.  South 
of  the  C/CH.  scatteted  to  hroken  cumulus  or 
sti.itocuinuhis  prevail  I  he  lack  ol  claritv  ol  the  Nile 
Riv  i  suggests  obs,  mation  bv  dust  oi  ha/e  A  lew 
stations  m  the  area  ale  upoilmg  suspended  dust  or 
h.i/c  1 1  A  -  Ida  I.  which  is  pi o bald v  w  idespicad  ovei  the 
region 

I  he  NMC  surface  streamline  analvsis  for  12(H) 
(All  ( I  A- lOu)  shows  a  I  S  kt  noithei  Iv  w  and  to  the 
notth  ot  theC/CBand  a  25-kt  so  tit  bet  I  v  w  i  lid  soul  h  ol 
it.  with  light  and  variable  winds  m  the  C/CH.  1  he 
displacement  of  the  C/(  B  from  its  normal  winter 
position  (IA-8P)  is  an  indication  ot  a  synoptic -scale 


disturbance  over  the  Red  Sea  region  (see  Sec.  1C, 
Case  2). 

Ihe  upper-level  westerlies  penctiate  progressively 
further  equatorward  with  height.  I  he  700-mh analysis 
( lA-lOb)  shows  the  subtropical  ridge  near  13“  N  over 
the  southern  Red  Sea.  At  500  mb  ( I  A- 1  laland  250mb 
(lA-llb),  the  westerlies  advance  equatorward.  Jet 
stream  activity  is  quite  common  at  upper  levels,  as 
shown  by  the  mean  200-mb  position  of  the  subtropical 
jet  (STJ)  during  the  winter  of  1955  56  (IA-I2a).  An 
isotach  maximum  of  over  150  kt  is  evident  over  the 
northern  portion  of  the  Arabian  Peninsula.  1  he  NMC 
200-mb  analysis  for  12  January  1980  ( 1  A- 1 2b)  reveals 
that  the  STJ  is  near  the  mean  position,  while  the  polar 
front  jet  (PJS)  lies  to  the  north. 

Generally,  the  northern  Arabian  Peninsula  and  the 
Persian  (iulf  arc  under  ihe  influence  ol  a  high  pressure 
ridge  that  extends  southward  front  the  Asian  anti¬ 
cyclone.  The  NMC  surface  streamline  analysis  for  3 
January  1980  ( 1  A- 1 3b)  is  a  typical  example  On  the 
250-mb  analysis  ( 1  A- 1 3a).  the  STJ  is  shown  passing 
over  the  northern  Red  Sea  and  the  southern  Persian 
(iulf.  Strong  horizontal  speed  sheai  is  evident  with 
winds  over  100  kt  decreasing  to  70  kt  and  less  south  of 
the  jet  axis.  Pronounced  turbulence  at  upper  levels  is 
normally  associated  with  such  shear 

Ihe  presence  of  high  pressure  over  the  Arabian 
Peninsula  results  in  light  uinds  and  nearly  clear  skies 
throughout  the  region,  as  shown  on  the  DMSP  visible 
picture  for  3  January  1980  ( I  A-  14a  >.  Ihe  main 
cloudiness  over  Saudi  Arabia  is  a  band  of  cirrus 
associated  with  the  STJ.  Knowledge  ol  the  position  of 
the  STJ  over  Saudi  Arabia  during  the  winter  season 
offers  a  useful  clue  regarding  the  location  of  the 
surface  anticyclone  which  normally  lies  immediately 
south  of  this  feature  in  the  position  as  shown  on  the 
surface  analysis  ( I A  - 1 3  b> )  Ihe  transverse  banding  of 
the  jet  stream  cirrus  evident  in  the  DMSP  picture  is 
indicative  of  horizontal  speed  shear  and  associated 
turbulence. 

Northerly  flow  in  the  Persian  (iulf  on  the  east  side  of 
the  surface  high  over  the  Arabian  Peninsula  is 
indicated  on  the  DMSP  picture  ( I  A-I4a)  by  the  cloud 
line  passing  east  of  the  Qatar  Peninsula  which 
broadens  on  its  southward  extremity,  as  cloudiness  is 
advecled  onshore  southeast  ol  Qatar.  Plotted  wind 
reports  on  the  surface  analysis  ( 1 A  - 1 .3  h )  verify  the 
northerly  (low  condition  over  the  gull.  I  here  is  also  a 
mid-latitude  disturbance  observed  to  the  north  tn  the 
satellite  picture  (IA-I4a).  I  he  disturbance  is  located 
over  the  laurus  Mountains  of  Tutkcy.  with  cirrus 
streaks  associated  with  the  PJS  (IA-I2b)  sweeping 
over  the  Caspian  Sea. 

Reference 

Kiishn.imiiiti.  I  V.  I9bl  I  he  subtropical  ict  stic.m  of 

winter  J  \felt‘or..  18.  172  19t. 

IVnonc.  I  J  .  1979;  Winter  sham.il  in  ihe  Persian  (mil 

NAVI  NVPRI  DRSC  HI  AC  lechniuil  Report  IK  79- 

Oh  Naval  f  nvironmental  Prediction  Research  facility. 

Monterey.  Call)  .  180  pp 
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Spring  Transition:  1  ate  Phase  (16  May -15  June) 

During  the  late  phase  ot  the  spring  transition  (16 
Mav  15  June),  south  west  monsoon  conditions  beeoine 
tii  hi  I  y  established  over  Indo-Cliina.  However,  the 
pattern  ovet  India  teinains  less  organized  and  still 
stibjeet  to  elteet'  ol  iimM.ititiide  systems  moving  into 
the  legion.  I  he  Red  Sea  and  Persian  (mil  ateas  also 
,ue  subject  to  inclusions  ol  the  desert  front  mining 
southward  through  the  region,  pushed  by  strong 
m  ut  her  K  How  gi  \  ing  i  tse  to  dust  slot  in  ejnsodes  lasting 
tor  several  days  (see  See  ID  Case  ll 

I  he  NMC  surface  stieaniline  analv sis  lor  17  May 
l')7d  ( I  \-  ISb)  depicts  easterly  flow  in  the  t  lull  ol  Aden 
tmplvmg  southerly  How  into  the  southern  ponton  ol 
the  Red  Sea.  I  his  type  of  How  is  character  tsfic  ol  the 
northeast  monsoon  and  is  a  definite  indicator  that  the 
southwest  monsoon  has  not  yet  become  established 

I  he  low-pressure  area  over  the  Arabian  Peninsula 
appears  e|uito  dry.  judging  from  surrounding  weathei 
leports.  Widespread  observations  of  dust,  however, 
are  reported  along  a  northeast  southwest  oriented 
hand  running  through  the  low-pressure  area,  as 
detined  by  the  cyclonic  streamlines.  Ibis  dust  was 
raised  by  w  inds  associated  with  the  desert  front  which 
previously  hud  moyid  into  the  area  Irom  the  north, 
resulting  in  a  modification  of  the  thermal  trough  in  the 
i  egion. 

I  he  MONFX  850-mh  flow  field  ( lA-IKa)  shows  a 
trough  in  (he  region  ot  the  desert  front.  .Northerly 
winds  over  the  Red  Sea  and  I  igris  l H p h rates  Valley 
align  with  the  surface  winds  over  those  regions  which 
enhances  the  tendency  toward  stronger  low-level 
northerly  flow. 

On  this  day  ( 1 7  May  1979),  satellite  imagery  was  not 
available  over  the  region:  however,  the  DMSP  visible 
picture  <  I  A- 19a)  of  the  Red  Sea  Persian  (mil  region  is 
shown  tor  the  ptevious  day  ( 16  May  I.  Streamlines  and 
-uit.tee  observations  superimposed  on  this  image 
1 1  \-2()a)  reveal  the  desert  front  location  which 
extends  from  the  Persian  (ill!!,  near  Hahtain.  to  the 
southern  portion  of  the  Red  Sea  Note  espeetallv  the 
st i  one  northerly  w  inds  in  the  Red  Sea.  the  dust  reports 
over  \rabia.  and  the  indication  ot  dust  ovet  the 
mutliern  Persian  dull  (See  See.  ll).  Case  I  for  a 
discussion  ot  the  early  development  and  movement  ol 
Hu-,  desert  frontal  feature.) 

I  he  upper-tropospherie  wind  conditions,  as  shown 
at  2<i()  mb  (IA-2lai.  reveal  a  jet  streak  over  the 
iiotthem  portion  ot  the  Red  Sea  Pet  Man  (lull  region 
I  he  mid-tropospherie  wind  conditions,  as  shown  at 
'60  mb  ( I A-21  b).  are  moderatelv  strong  from  the  west 
ovet  the  Red  Sea  Persian  (mil  region  while  an  anti¬ 
cyclone  lies  to  the  smith  in  its  typical  position  over 
southern  Saudi  Ai.ibia  I  liese  winds  turn  in  a  tvpical 
manlier,  anlu.yclonii.allv .  producing  strong  noithetly 
w  rills  over  the  Persian  (mil. 

I  lie  N  M(  mu  t.u  e  stieaniline  a  Italy  sis  ov  ei  the  Red 
Sc. i  Peisiari  (mil  region  lor  V  June  I 9'1)  (JA-2.?b) 
shows  little  change  near  the  end  ol  the  pre-monsoon 


period.  However,  wind  speeds  to  the  south,  near  the 
coast  of  Somalia,  have  essentially  doubled  in  strength 
indicating  the  near-term  commencement  of  the 
southwest  monsoon.  I  lie  MONI-’X  850-nib  How  field 
for  9  June  ( IA-22a).  when  computed  to  the  17  May. 
X50-mb  How  Held  (lA-IXa)  emphasi/es  the  surface 
depiction  of  a  better  organized  southwest  monsoon- 
type  How  pattern. 

I  roughing  at  the  850-  and  500-mb  levels  (IA-22a 
and  2.1b)  over  India  appears  to  he  the  result  of  the 
penetration  ol  a  migratory  mid-latitude  trough  into 
the  region,  and  is  responsible  tor  enhanced  cloudiness 
and  convective  aetivitv  over  India,  which  cannot  at 
this  stage  be  attributed  to  a  monsoonal  influence. 
Modification  ol  the  thermal  tioughs  over  Pakistan 
and  northern  India  hv  mid-latitude  migratory  systems 
is  a  characteristic  Icaiure  ol  the  pre-ntonsoon  period. 
Such  modilieation  was  also  eatliei  noted  over  Saudi 
Arabia  as  the  desert  front  moved  southward  across  the 
Peninsula. 

At  tipper  levels,  as  shown  on  the  NMC  250-mb 
analysis  (IA-21a).  easterlies  now  extend  across  the 
entire  northern  Indian  Ocean  except  for  a  small  region 
over  the  Red  Sea  and  Perisan  (mil  north  of  20  N. 
Such  easterlv  How  is  an  essential  ingredient  ol  the 
southwest  monsoon  which  was  lacking  in  the  early 
position  of  the  pre-monsoon  period. 

Die  (/OFS-fndian  Ocean  visible  picture  (IA-24a) 
reveals  the  distinctive  clear  conditions  over  Saudi 
Arabia.  Iran.  Pakistan,  and  northern  India,  as  is 
normal  m  the  region  of  the  thermal  troughs. 

Finally  the  MONFX  850-.  7(H)- ,  and  200-mb  mean 
(low  fields  for  the  period  16  .11  May  depict  the  fully- 
developed  southwest  monsoon.  The  850-nib  How  field 
(IA-24b)  shows  the  anticyclone  over  central  Saudi 
Arabia,  with  westerly  How  to  the  north.  At  700  mb 
(IA-25b).  the  southwesterly  llovv  over  the  northern 
Arabian  Sea  continues  to  be  over-run  by  northeasterly 
winds  from  a  dominant  high  pressure  cell  in  southern 
Saudi  Arabia.  The  200-nib  analysis  (IA-25a) 
continues  to  show  two  anticyclonic  cells  separated  by  a 
trough  extending  into  the  northern  Arabian  Sea.  A  jet 
streak  is  I oc.ited  user  the  northern  lied  Sea  and 
Persian  (mil. 
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1 A  -  2 1  a .  NMC  Tropical  250-mb  Streamline  Analysis.  1200  (iMl  17  May  1979. 

500  mb 

r->/  ^  1  vk  v-,/^  •.  ,*• .. . 

Ti.TVf  *  -  •.  v~  /  -.  » (  ... 

AV  1  V.  !?■  \.  *»  •  v,  /  .  /  /  ..  .  *,W«>U 

■  £  >  v-.  N  ,  \<*7  -‘y^-n  ;  ‘V  •-  :4j^rr,  *  4** 

...  ;  L  \  *  ^  ^  rUiX  "  ,7*  ..fc  \  HV* 


;  ;  ;y  •>' 

v!3>  ;■ 


■U»-  i" 


_  \  .  As  v 

■*$*"'  l/  ' 

'  .'*•'  • ,  '  SB 


v".  ,;/■ 


•  .  .'-•,  irt4 


-20t-T-r-2tt,— 

•r  '''•■:1m 


4  I  V 


*  .  t 

i  A  k  /  V 
v  A  *  1  * 


|  \  .’ll*  N  \1(  1  1  i'|>u  .tl  MIO  ml*  SI 1 1  iiitlmr  Aim K  mn  I  .'(H)  ( 1 M  I  I  /  M.t\  I 


I  \  ’I 

JS»NJJA  1  *NJWNUJ/\nu  J.V  >1  i:»i  »■  n  *■»•.: 


IA-22a.  MONFA  S50-rr.h  Analysis.  1200  GMT  9  June  1979 

surface 


IA  .VI*  NM(  I  fopu.ii  SuiI.kc  StM.unlinr  \it;il\sis  1700  (iMI  *>  .Imu- 


|  A  M 

JbNJUXi  4.N*ANUMO<J  iV  u  IJIlMUfM  »*■ 


100  mb 


Spring  Transition — Late  Phase 


Red  Sea/  Persian  Gulf 
Introduction 


IA-25a  MONfc'X  Mean  200-mb  Analysis.  16  31  May  1979. 
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(ienerul  Heather  huterns 


Southwest  Monsoon  (Jiine-Scplemberf 

I  lie  Red  Si-. i  Peisi.m  Gulf  region  (toes  not 
p.ii  I  icip.llc  in  wc.nlici  illah  caused  In  l lie  sluing 
nuthwcstcilv  lion  ,u  loss  the  Arabian  Sea  but  rather 

atlcctcd  bv  wcalhci  conditions  associated  V.11I1  the 
■  ■  .it  Inns  w Inch  cause  I  he  southwest  molts. >011  I  Itese 
tons  unii  associated  Houghs  develop  aver  India, 
Pakistan.  Afghanistan.  Iian.  ami  Saudi  Atahia  with 
,  s tensions  into  the  Sudan  region  ol  Africa. 

Summer  is  a  vciy  hot  and  humid  time  over  the 
cginn.  espeeialK  in  the  south,  while  precipitation  is 
negligible.  In  the  shallow  waters  ol  the  Persian  (lull, 
•eu  surface  temperatures  reach  9(>  E  (35  6  C).  Night¬ 
time  e  idling  etlects  as  a  result  are  slight  over  the  water, 
and  hie  aboard  ship,  without  air  conditioning,  is 
soman  hat  difficult. 

I  l.e  t  \  pica  I  surface  pressure  and  direction  ol  air 
movement  in  July  (IA-26a  and  26b)  show  northerly 
winds  extending  down  the  entire  Red  Sett  (Nhl’RI-, 
l>»S(i|  I  his  is  also  the  dominant  dilection  in  the 
I’ei  suit  (lull  legion  except  lor  the  (iull  ol  Oman  vv  Inch 
is  subicct  it)  a  greater  frequency  of  winds  Irom  the 

stmt  hciist . 

Note  that  southwesterly  flow  across  Africa  extends 
through  the  Sudan 'towards  the  southern  poition  of 
the  Red  Sea.  I  his  ficqucntly  becomes  strong  enough 
to  generate  sand  and  duststorms  which  are  then 
advectcd  into  the  southern  portion  of  the  Red  Sea 
1  laelly  through  the  I  okar  Ciap;  see  Sec.  Hi,  Case  4). 
I  hist  raised  by  the  cold  down-rushing  air  of  thundcr- 
-tot  ms  1  haboobs)  in  the  Khartoum  region  of  Sudan  is 
oittn  caught  in  this  current  and  carried  out  over  the 
Red  Sea  neat  Tokar.  I  he  northern  portion  ol  the  Red 
Sea  is  not  subject  to  this  effect  and  visibilities  in  that 
legion  are  correspondingly  much  better. 

I  he  Persian  Gulf  is  also  subject  to  duststorms 
regularly  raised  during  the  summer  months  by  strong 
northerly  winds  coming  around  the  west  side  of  low 
piessure  over  Iran  Afghanistan.  I  he  northerly  How 
over  the  Persian  (iull.  enhanced  by  a  lee  trough,  and 
nigh  pressure  to  the  northeast,  plus  the  topographical 
leatures  ol  the  area  tend  to  enhance  the  northerly  lion 
below  5.000  It.  I  his  results  in  what  is  known  as  the 
40-day  shantal.  or  great  shamal,  most  commonly 
.si  erring  from  6  June  to  16  July  (see  Sec.  I  E,  Case  5). 
Winds  ot  up  to  35  kt  may  blow  for  up  to  a  week  at  a 
tune  during  this  period,  though  more  commonly  in  .1 
clay  intervals.  I’he  winds  decrease  during  nighttime 
hours  over  land  due  to  radiational  cooling  but  remain 
quite  'trong  aloft  at  low  levels. 

4  common  phenomenon  is  (he  development  ot  a 
•  o.  -level  nocturnal  jet  stream  with  a  core  near  I  2,000 
l;  I  in'  let  develops  only  under  strong  nocturnal  low- 
I  v c I  inversion  conditions  and  can  pose  a  hazard  to 
.uicialt  (>11  take-ofl  or  landing  due  to  extreme  wind 
shcat  attending  the  phenomenon. 

I  nisi  ,md  sandstorm  conditions  brought  on  by  the 
'ha mat  characteristically  reduce  v  isihility  to  less  than  3 
n  1111  over  the  northern  portion  ot  the  Persian  < iull  and 


to  less  than  n  mi  in  the  source  regions,  such  as  near 
Hasra.  Iraq. 

The  heat  lows  disappear  very  rapidly  with  height 
and  give  wav  to  high  pressure  roiitinelv  found  aloft  at 
X50  mb.  This  condition  favors  generally  clear  skies 
with  little  precipitation. 

The  GOI  S-Indian  Ocean  visible  picture  of  the 
region  on  15  June  1979  ( I  A-27a)  shows  the  Nile  River 
obscured  in  the  northern  Sudan.  I  his  indicates  the 
presence  of  dust  in  the  atmosphere  a  condition 
which  is  clearly  revealed  as  a  gray  shade  covering  the 
southern  half  of  the  Red  Sea  in  the  GOES  image. 
Other  than  a  few  clouds  in  the  dust  region  and  in 
southern  Saudi  Arabia,  the  rest  ol  the  land  area 
affected  by  the  heat  lows  is  remarkably  and  typically 
clear. 

The  NMC  surface  streamline  analysis  (lA-27b) 
verifies  features  of  flow  similar  to  that  of  the  mean 
conditions  ( I  A-26h).  Northerly  How  extends  down  the 
entire  length  of  the  Red  Sea  turning  to  westerly  in  the 
Gull  of  Aden.  Southwesterly  flow  from  Sudan 
converges  with  this  flow  near  Tokar.  Dust  in  suspen¬ 
sion  is  reported  at  several  stations  in  the  Sudan  with  at 
least  two  locations  reporting  obscured  skies.  Note  that 
winds  are  quite  light  in  this  morning  analysis  (0900 
1ST).  J  he  winds  would  be  expected  to  increase  as 
daytime  heating  is  maximized  in  the  early  afternoon. 
Northerly  llow  is  also  in  evidence  over  the  Persian 
Gulf,  responding  to  low  pressure  over  Iran. 
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Case  1  Red  Sea/  Persian  Gulf- 
Autumn  Transition 

Convective  Storms  During  the  Autumn  Transition 

In  general,  the  weather  over  the  Red  Sea  and  northern  Arabian 
Peninsula  has  been  characterized  as  very  uniform  with  a  minimum  ot 
low-level  cloudiness,  generally  good  visibility,  light  winds,  and  negligible 
rainfall  (NF.PRF,  1980). 

This  scenario,  however,  can  be  drastically  altered  during  the  fall 
transition  to  the  northeast  monsoon,  whenever  an  upper-air,  trough- 
ridge  pattern,  develops  over  east  Africa  and  Saudi  Arabia,  respectively. 
Under  this  motion  field,  the  Red  Sea  western  Saudi  Arabian  region  is 
located  under  a  cyclonic  flow  pattern  favorable  for  deep  convective 
developments.  In  particular,  the  southerly  winds  around  the  western 
border  of  the  high  pressure  over  Saudi  Arabia  and  the  southwesterly 
winds  along  the  eastern  edge  erf  the  low  pressure  over  cast  Africa  combine 
to  channel  southerly  low-level  flow  from  cast  Africa,  across  the  Red  Sea. 
and  into  the  Arabian  Peninsula.  Ibis  southerly  flow  provides  ample 
moisture  for  thunderstorm  development,  creating  the  potential  for 
generally  disturbed  weather  conditions. 
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Thunderstorm  Outbreaks  Associated  with  an  l;pper-level  Divergence  Pattern 


Red  Sea/ Persian  dull 
Autumn  Transition  (  use  1 
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I  lie  (i()IS  hull. hi  On. m  visible  pnluir  lor 
A  1(1  (iMI  (IRS.il  shows  lli.it  convective  .lilivtlv 
out  nines  over  the  Red  Sea  legion.  1  lie  bonds  ol  en  t  ns 
debt  is  from  the  deep  coin  eel  ion  curve  anticyclonicallv 
over  Saudi  Arabia  I  Ins  implies  that  tliete  is  an  ttppei  - 
lev  el  tiougli  to  the  west  over  Aliica  I  lie  surtuee 
streamline  anah  sis  lot  ()(><)()  (iM  I  ( I  B  Kb)  shows  the 
inverted  trough  over  tile  Sudan  extending  to  the 
Mediterranean:  however,  it  is  vveaket  than  beloielsee 
I  B-4b).  I  here  are  lepoits  ol  euniulus  eongestus,  but 
no  thundet storms  Sevetal  stations  indicate  dust  in 
uspensioil  east  ol  the  inverted  trough  which  may  be 
ulateil  to  convective  activity  in  the  region. 

I  he  “DO- mb  stieainhne  analysis  (IB-9b)  shows  a 
cyclonic  center  which  identifies  the  Sudan  low.  Note 
that  part  of  the  eastern  periphery  of  this  circulation 
extends  over  the  Red  Sea.  1  he  mid-latitude  trough  12 
extends  southward  toward  the  Red  Sea  and  appears  to 
be  mov ing  in  phase  vv  it h  the  Sudan  low.  High  pressure 
sells  (anticyclones)  remain  anchored  to  the  east  over 
Saudi  Arabia  and  to  the  west  over  north  Africa.  I  he 
250-mb  streamline  analysis  ( I  B-9a)  indicates  that  the 
southern  portion  ol  the  trough  T1  has  remained  quast- 
'tationarv  over  north  Africa,  while  the  northern 
portion  has  progressed  slowly  eastward.  I  he  new 
trough  T2  has  moved  eastward  to  a  position  over  the 
central  Mediterranean.  As  suggested  in  the  (i()l  S- 
Indian  Ocean  v  isible  picture  (lB-8a).  the  streamlines 
depict  anticycionic  flow  over  the  Red  Sea  and  Saudi 
Aiabia. 

Ihe  METFOSAI  visible  picture  at  1225  (iMI 
(IB-9c)  shows  widely  scattered  convective  activity 
over  the  Red  Sea  and  adjacent  land  areas.  The 
METEOSAT  water  vapor  picture  at  1255  (iMI 
( IB-9J)  again  shows  the  po.ition  of  the  troughs  Tl  and 
12  rather  well,  as  well  as  the  ridge  Kl  over  Saudi 
Arabia.  An  extralropical  mid- to  upper-level  vortex  is 
suggested  by  the  water  vapor  data  near  the  base  of 
trough  T2  over  the  Balkans.  T  he  curved  moisture  band 
M-M  near  the  northern  portion  of  the  trough  Tl 
suggests  the  presence  of  a  vorticity  center  or  cyclonic 
vottex  in  that  region,  and  coincides  with  a  cyclonic 
center  at  the  250-nib  level  (IB-9a). 

21  October 

In  the  GOES  Indian  Ocean  visible  picture  acquired 
at  0700  (iM  I  (IB-lOa).  heavy  cloudiness  is  depicted 
over  a  broad  area  covering  the  central  and  northern 
Red  Sea.  and  the  northern  half  of  Saudi  Arabia.  The 
extralropical  spiral  cloud  vortex  noted  previously 
i  IB-9d)  over  the  Balkans  is  also  now  evident  in  the 
viable  data  near  Crete  This  cloud  vortex 
configuration  indicates  an  upper-level  trough 
i  \  tending  I  tom  the  v  on  ex  southward  over  Africa,  and 
Miggc  ts  that  there  is  a  Mow  which  turns  around  the 
base  i  I  (lie  trough  and  over  an  uppei-level  ridge 
indicated  bv  the  ne.nly  solid  cloud  cover  atch  over 
ti" "hern  Saudi  \r.ihi.t  Note  that  the  main  cloud 
development  occurs  ahead  ol  the  tiougli  and  along  the 
w.  -ti  m  border  ot  tin-  t ulge 

I  he  MirljcC  streamline  analv  sis  ( I  B- 1  Obi  .Iters  little 
Ciideikt'  as  to  whv  the  heavy  cloudiness  should  be 
occurring  over  the  noithcrn  Red  Sea  and  northern 
Saudi  Arabia  A  high  ptessine  cell  (iinticvclonc)  is 
depicted  ovei  cent 1. 1 1  Saudi  Arabia:  the  nearest  trough 


is  over  north  Alrica.  well  to  the  west,  and  extends 
lutrliiwaid  <o  the  low  over  (he  Mediterranean.  Surface 
reports  over  western  and  noithcrn  Saudi  Arabia, 
however,  do  show  some  shower  and  rain  activity,  w  ith 
broken  to  overcast  skies  as  suggested  by  the  satellite 
picture. 

I  he  700- mb  streamline  analy  sis  ( I  B-l  I  b).  similarly, 
is  not  helpful  in  providing  a  synoptic-scale  circulation 
pattern  responsible  lot  the  development  of  the 
cloudiness  over  the  Red  Sea  and  Saudi  Arabia.  Note, 
however,  that  the  low  associated  with  the  spiral  cloud 
vortex  near  Crete  is  well  defined  on  the  streamline 
analysis.  I  ight  anticycionic  Mow  typifies  the  synoptic 
pattern  over  the  Red  Sea  and  Saudi  Aiabia.  Ihe 
250-mb  streamline  analysis  ( I  B-l  la)  shows  the  trough 
T2  ridge  R2  configuration  implied  by  the  satellite 
picture.  Cloudiness  is  located  downstream  of  the 
trough  T2  and  just  to  the  west  of  the  ridge  R2. 

Since  there  is  no  indication  of  a  low-level 
disturbance  to  produce  the  cloudiness,  it  must  be 
concluded  that  the  cloudiness  is  an  upper-level  effect 
caused  by  divergence  between  the  trough  T2  and  the 
ridge  R2.  Moist  tropica!  air  is  adveeted  around  the 
western  periphery  ol  the  low-level  anticyclone  over 
Saudi  Arabia.  T  his  combined  with  the  upper-level 
(low  as  shown  in  the  METROS  AT  water  vapor  data 
provides  a  rich  source  of  moisture  for  cloud 
production  over  the  northern  Red  Sea  and  Saudi 
Arabia. 

Ihe  METEOSAT  visible  picture  at  1155  (iMT 
(IB-llc)  clearly  depicts  the  spiral  cloud  vortex  near 
Crete  and  the  extensive  convective  activity  over  the 
northern  Arabian  Peninsula.  The  METEOSAT  water 
vapor  picture  (IB-1  Id),  depicts  the  trough  T2  ridge 
R2  pattern  very  clearly.  It  can  he  seen  that  the 
brightest  cloud  forms,  indicating  deep  convective 
developments,  are  located  between  the  trough  and  the 
ridge. 


continued  on  page  I  B-l  3 
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Case  1  continued 

Red  Sea  /  Persian  Gulf 
Autumn  Transition 

Thunderstorm  Outbreaks  Associated  with  an 
Upper-level  Divergence  Pattern 
Red  Sea/ Northern  Arabian  Peninsula 
19-21  October  1979 
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IB-5a.  NMC  Tropical 
250-mb  Streamline 
Analysis.  1200  GM  T 
17  October  1979. 


lB-5b.  NMC  Tropical 
700-mb  Streamline 
Analysis.  1200  '"■MT 
17  October  1979. 
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Red  Seal  Persian  Gulf 
Autumn  Transition  Case  1 


1 H -la  SMC  I  rnpic.il 
?S0mb  Streamline 
AiuiKms  I200  C;\1I 
15  October  I9’>J 


IB-3b.  NMC  I  ropical 
700-mb  Streamline 
Analysis.  1200  (iMI 
15  October  1979 
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riniihli  i  \im  m  Outbreaks  l.vwn  taietl  with  an  tipper- level  Oivereetne  hit  tent 
Iteil  Seal  Nut  them  Arabian  I’enittsula 
October  1979 


IS  October 

I  he  early  morning  (()/<()  < > M  I )  GDIS  Indian 
< )eean  v  isible  picture ( I  B-2a)  shoves  isolated  patches  ol 
cloudiness  over  the  ccntial  and  southern  Red  Sea  I  o 
the  southwest,  early  morning  convective  activity  has 
developed  over  the  Sudan;  however,  it  shows  no 
organized  pattern  at  this  time.  I  he  surface  streamline 
analysis  for  0600  OM  I  (I  B-2b)  depicts  generally  clear 
conditions  over  the  Red  Sea  and  the  northern  Arabian 
I’eninsula.  I  he  main  circulation  feature  over  east 
Africa  is  the  Sudan  low.  There  is  a  noilh  south 
elongated  anticyclonic  cuculation  to  the  northvvcsl  ot 
the  Sudan  low.  weak  anticyclonic  flow  over  the 
southwestern  Arabian  Peninsula,  and  an  east  west 
"tiented  anticyclonic  circulation  over  the  northern 
Arabian  Sea. 

At  upper  levels,  the  700- mb  streamline  analysis  lor 
1200  ( 1 M  I  ( IB-.vbt  shows  a  mid-latitude  short-wave 
hough  Tl  extending  southward  toward  the  Sudan, 
wah  a  closet!  low  circulation  center  1.1  over  Fgypt. 
High  pressure  cells  (anticyclones  Al  and  A2)  are 
located  upstream  and  downstream  of  the  closed  low. 
At  250  mh  (IB-.ta).  the  streamline  analysis  shows  a 
well-defined  short-wave  trough  T1  which  extends 
trom  mid-latitudes  to  the  southern  border  of  the  Red 
Sea.  Moderate  wind  speed  divergence  from  the  base  of 
the  trough  to  the  downstream  ridge  HI  is  observed  at 
this  time.  I  his  is  favorable  for  increased  vertical 
motions  at  lower  levels  over  the  Sudan  and  southern 
Red  Sea. 

I  he  Ml  IIOSAI  visible  picture  ( I  B-dc)  displays 
increased  convective  activity  in  advance  of  the  uppei- 
'cvel  trough  Tl.  as  evidenced  by  the  sea  bree/e  cloud 
line  along  the  west  coast  ol  Saudi  Arabia  and  the 
bright  cluster  of  convective  clouds  over  the  Sudan  near 
the  base  of  the  trough  I  I  (for  comparison,  see  the 
e.iilier  satellite  picture  IB-2a).  file  corresponding 
Ml  IIOSAI  water  vapor  picture  (IB-3d).  showing 
moisture  al  mid  to  tipper  levels,  reveals  a  broad  band 
ol  moisture  M-M  extending  across  Saudi  Arabia  m 
advance  ol  the  trough  Tl;  the  downstream  ridge  K I  is 
also  depleted  by  the  curved  moisture  band  near  the 
I’etsian  < i nil.  flic  cyclonically  curved  band  in  the 
moisture  held  near  the  base  of  the  trough  Tl  is  the 
location  ol  a  vorlieity  maximum  associated  with  the 
7(i()-mb  low  l.l  over  Fgypt  (see  1  B-3b). 

17  October 

I  he  GO  I  S  Indian  Ocean  visible  picture  acquired  at 
(Odd  (>M  I  (IB-4u)  indicates  that  the  convective 
activ  ilv  has  continued  to  develop  over  the  central  and 
•outhern  Red  Sea.  and  (In- Sudan  region.  Ihesnrlace 
tieamline  analvsis  ill!  4b)  confirms  this  convective 
avtivuv  with  leports  ol  thunderstorms,  rain,  and 
1 1 1 1 / / 1  e  I  he  report  ol  raised  dust  over  the  western 
■>u  Ian  is  probably  due  to  the  gusty  wind  conditions 
associated  with  the  thunderstorm  activity  in  the  area. 

I  he  upper  level  streamline  analyses  show  that  the 
Hough  extending  liom  the  Sudan  to  the  northern 
Arabian  Peninsula  is  persisting:  however,  some  ol  the 
circulation  features  has  changed.  The  700-inb 


streamline  analysis  at  1200  GM  I  ( I  B-5b)  indicates 
that  the  trough  Tl  has  progressed  eastward,  whereas 
the  closed  low  circulation  l.l  is  displaced  to  the 
southeast,  but  remains  over  Fgypt.  Note  that  a  new 
trough  12  has  moved  into  the  region  to  the  west  of  the 
area  of  interest.  At  250  mb  ( I  B-5a),  the  trough  Tl  has 
split:  the  northern  portion  has  advanced  to  the  east 
and  the  southern  portion  has  retrogressed  from  the 
southern  Red  Sea  to  over  the  western  Sudan,  with  a 
corresponding  retrogression  of  the  ridge  HI  to  a 
position  over  central  Saudi  Arabia.  Speed  divergence 
aloft  from  the  trough  Tl  to  the  ridge  HI  continues  over 
the  Red  Sea  so  that  conditions  remain  favorable  for 
deep  convective  developments  in  the  region. 

The  MFTFOSAT  visible  pictuie  at  1125  GMT 
(lB-5c)  shows  numerous  convective  clusters  covering 
the  area  from  the  central  Red  Sea  to  the  Sudan.  In  the 
MFTFOSAT  water  vapor  picture  at  1655  GMT 
( I  B-5d).  the  upper-level  trough  Tl  can  be  traced  from 
its  location  near  (he  Caspian  Sea  in  the  north  to  the 
small  vortex  near  Crete,  and  then  southward  across 
Africa.  The  water  vapor  picture  shows  that  the  main 
thunderstorm  activity  lies  between  the  trough  Tl  over 
Africa  and  the  ridge  HI  over  Saudi  Arabia. 
Convective  activity  appears  to  be  restricted  to  the  area 
along  and  immediately  to  the  west  of  the  ridge  axis. 
Trough  12  is  well  defined  in  the  water  vapor  picture,  as 
is  the  ridge  line  R2.  It  is  of  interest  to  note  that  the 
densest  do ud  cover,  suggesting  deep  convective 
developments,  also  lies  between  the  trough  12  and  the 
ridge  line  K2 
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Case  1  continued 

Red  Seaj  Persian  Gulf 
Autumn  Transition 

Thunderstorm  Outbreaks  Associated  with  an 
Upper-level  Divergence  Pattern 
Red  Sea / Northern  Arabian  Peninsula 
23  October  1979 
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2  '  Odiilier 

I  lie  GOl  S  III. lull  O.  ran  visible  piilim  .it 
0730  CiM  I  (  I II  1 4.i)  shows  I  Ik-  mi  tex  over  I  Ik  easier  11 
Mediterranean.  just  nil  l Ik-  coast  of  Lebanon. 
Cloudiness  met  (he  Red  Si  .1  and  Saudi  Arabia  lias 
la  1  pels  dissipated  w  it li  only  a  lew  1  ml ie.il ions nl  mainly 
high  clouds.  I  he  surface  stieamline  analysis  ( I  H-I4b) 
shows  pronounced  ridging  aeioss  the  not  them  Red 
Sea  and  Aiahian  IVninsula  between  the  high  pressure 
cells  (anticyclones)  over  noith  Africa  and  the  Persian 
Ci till.  1  he  Sudan  low  is  near  its  normal  position  for 
this  time  of  the  year  Notice  that  there  a'e  no  reports  of 
rain  or  showers  in  the  region 

On  the  700- mb  streamline  analysis  (Ilf  15b).  high 
pressure  cells  (anticyclones)  are  also  depicted  over 
central  Africa  and  southern  Saudi  Arabia  with  ridging 
across  the  Red  Sea.  I  he  cyclonic  circulation 
associated  with  the  low  near  l.ebanonalsoextendsasa 
troutih  entering  the  northern  Red  Sea.  but  does  not 
extend  further  south.  The  250-mb  streamline  analysis 
(  I  B-I5a>.  lor  the  lust  time  in  this  series,  does  not  have 
a  deep  trough  extending  into  Africa.  I  he  I  low  across 
the  Red  Sea  and  Saudi  Arabia  is  westerly  turning 
slightly  anticyelonically.  Trough  T2.  associated  with 
the  low  near  Lebanon,  is  well  to  the  north  so  that  there 
is  not  the  typical  trough  ridge  pattern  observed 
prev  iously  over  this  region  during  the  deep  convective 
developments. 

I  he  MLILOfvAI  water  vapor  picture  ( I B- 1 5d) 
shows  the  vortex  near  Lebanon.  The  moisture  pattern 
indicates  the  trough  T3  associated  with  this 
disturbance  does  not  extend  very  far  to  the  south. 
Compare  this  picture  with  the  previous  water  vapor 
picture  ( I B- 1 5c>.  in  which  the  moisture  patterns  depict 
a  definite  southward  extension  of  the  trough  T2  from 
the  vortex.  In  the  water  vapor  picture  (1B-I5d), 
antieyelonic  How  is  indicated  just  to  the  south  of  the 
vortex.  1  he  water  vapor  picture  also  shows  that  the 
next  southward  trough  extension  is  located  well  to  the 
east  over  eastern  Saudi  Arabia  and  the  Persian  Gulf. 


Iiiiportmil  (  (inclusions 

I  I  >ccp  convective  devclopim  uis  mci  the  imrlhem 
Red  Sea  and  Saudi  Arabia  dm  mg  the  period  ol 
lire  autumn  transition  can  he  anticipated  under 
lire  billowing  conditions 
a  Generally  lowci  picssiiu  over  cast 
Alrica  in  the  form  of  an  mvc.tcd  (rough 

b.  Higher  pressure  ovei  Saudi  Arabia 

c.  An  upper-level  trough  1  licit  extends 
from  the  Medilerianean  southward  over 
east  Africa 

d  An  upper-level  ridge  over  Saudi  Arabia 

2.  finder  the  above  conditions  deep  convective 
developments  (thunderstorms)  can  be  expected  in 
the  region  between  the  upper  level  trough  and  just 
to  the  west  of  the  ridge  line 

3.  In  the  absence  of  a  low -level  disturbance, 
thunderstorm  activity  is  not  likely  to  occur  over 
the  Red  Sea  Saudi  Arabian  region  during  the 
period  of  the  autumn  transition  when  upper-air 
How  is  straight  westerly  and  unperturbed. 

4.  ML  1  LOS  A  I  water  vapor  pictures,  or  those  from 
other  satellites  providing  similar  information,  are 
useful  for  locating  upper-level  troughs  and  ridge 
lines.  This  information  can  be  used  to  locate  the 
most  probable  area  for  convective  development, 
overcast  skies,  and  generally  disturbed  weather 
conditions. 
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Case  5  Red  Sea/  Persian  Gulf— 

Winter 

Jet  Aircraft  Generated  Condensation  Trails 

A  condensation  trail  (contrail)  is  a  cloud-like  streamer  observed  to 
form  behind  an  aircraft  flying  in  clear,  cold,  humid  air  (Huschke.  1959). 
Contrails  form  when  the  water  vapor  exhaust  from  the  aircraft  engine 
overbalances  the  heat  added  and  brings  the  mixture  of  ambient  air  and 
exhaust  to  saturation.  The  relative  humidity  in  the  trail  is  dependent  on 
the  amount  of  heat  and  water  added  by  the  exhaust,  the  ratio  of  entrained 
environmental  air  to  exhaust  gas,  and  the  initial  pressure,  temperature, 
and  relative  humidity  of  the  environment. 

Persistent  contrails  are  often  observed  in  satellite  imagery.  They  are 
readily  distinguished  from  clouds  in  visible  imagery  because  they  occur 
as  thin,  straight  line  segments,  often  in  criss-cross  formations  where 
several  aircraft  have  recently  passed  across  the  same  area.  Contrails  are 
also  observed  in  infrared  imagery,  where  they  appear  as  distinct  white- 
tone  (cold  temperature)  line  segments.  Sometimes  contrails  in  visible 
imagery  may  degenerate  to  an  anomalous  gray  shade,  or  not  be  apparent 
at  all,  but  still  be  detectable  in  the  infrared  (see  NTAG  Vol.  I.  Sec.  2B, 
Case  19). 


Reference 

Huschke.  R  E.  (Ed).  1959:  glossary  of  Meteorology.  American  Meteorological  Society. 

Boston.  658  pp. 

Critical  temperature  graphs  have  been 
computed  by  Appleman  (1957)  for  relative 
humidities  with  respect  to  water  of  0.  60.  90, 
and  100  percent,  for  temperatures  down  to 
-80J  C1.  and  tor  ratios  of  entrainment  of 
environmental  to  exhaust  gas  from  58.1  to 
7000. 1 .  f  rom  these  graphs  one  can  determine 
the  point  at  which  contrails  will  form  and 
dissipate  If  it  is  desired  to  know  only  whether 
or  not  a  visible  contrail  will  form,  a  much 
simpler  graph  (IC-47a)  can  he  used.  This 
graph  can  be  replotted  on  a  Skew  T.  l  og  fJ 
Diagram  for  making  contrail  loreeasts. 

To  use  the  graph  to  evaluate  potential 
contrail  formation  on  a  Skew  I.  l  og  P 
Diagram,  the  trace  of  the  temperature  curve 
on  the  diagram  is  related  to  the  "yes". 

"possible",  or  "no”  sectors  of  the  graph  I  hat 
portion  of  the  temperature  curve  in  the  “yes" 
sector  indicates  that  contraih  will  form;  in  the 
“no"  sector,  contrails  will  not  form;  and  in  the 
“possible"  sector,  formation  will  be  deter¬ 
mined  by  the  relative  humiditv  al  the  selected 
temperature  vs  pressure  level  A  manual 
IAWS.  I960)  is  available  for  detailed  guidance 
on  contrail  forecasting  for  jet  aircraft 
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1 1  January 

I  he  DMSI’  visible  public  at  0441  (iMI  (  IC-4Ka) 
shows  two  linear  anomalous  eloutl  lines  over  the 
I’ersian  (iull.  A  close  inspection  ot  the  cloud  lines 
(l(-49a)  identifies  ihem  .is  contrails.  I  he  northern 
cloud  line  extends  over  moie  than  hall  the  length  ol  the 
I’ersian  Gull  and  displays  an  abrupt  change  in 
direction.  I  his  is  atypical  ol  clouds  observed  in  the  free 
atmosphere  I  he  southern  cloud  line  displays  a 
shadow  on  the  teriain  below  I  he  distance  of  the 
shadow  from  ihe  cloud  line  at  this  time  ol  the  day  is 
tspical  ol  that  frequently  obseivcd  ol  a  cirrus  cloud 
deck  or  cumulonimbus  cirrus  dchiis  (cirrus  spissatus) 
shadows  in  \  isible  pictures,  so  that  i his  cloud  line  is  at 
high  altitudes  1  hcsc  tacts  and  .1  comparison  of  the 
location  of  the  cloud  lines  and  the  high  altitude  jet 
unites  over  the  area  (lC-4‘)b)  show  that  they  are 
definitely  contrails. 

Ihe  upper-air  soundings  lor  Dhahian.  located  on 
the  western  side  ol  the  I’ersian  Gull,  lor  0000  GMI 
ll('-5l)a)und  1200  GM  I  ( IC'-5  la)  can  be  analyzed  lor 
additional  continuation  ol  the  lot  in.  1 1  ion  ol  contrails 
over  the  region.  Ihe  contrail  formation  ptobabilily 
lines  have  been  plotted  on  the  diagrams,  in  accordance 
with  the  procedures  described  in  the  AWSM  105-100 
publication  (see  reference,  page  IC-47).  On  the  0000 
GMI  sounding  I  IC'-50a).  the  temperature  trace 
between  about  21.5  nib  and  1 8K  mb.  and  above  about 
Ih2  mb  lies  in  the  "yes"  sector.  I  bis  indicates  that 
contrails  will  he  formed  by  a  jet  aircraft  fly  ing  at  those 
levels  On  the  sounding  at  1200  (iMI  (IC-5la). 
contrails  would  be  expected  at  all  levels  above  about 
2.0  mb 

I  o  determine  the  likelihood  ot  contrail foimation at 
levels  where  the  temperature  curve  tails  within  the 
“possible"  sector,  the  relative  humidity  values  are 
required  Ihe  line  on  the  Skew  I.  log  I’  Diagram 
separating  the  "yes"  and  "possible"  sectors  represents 
the  O',  ambient  relative  humidity  (RH),  and  the  line 
separating  the  “possible"  and  "no"  sectors  represents 
the  I00‘ ,  ambient  relative  humidity  .  I  hese  Rll  values 
aie  the  minimum  ambient  R  H  required  at  a  particular 
pressure  temperature  level  for  contrails  to  form. 
I  sing  Appleman's  technique  (see  reference,  page 
IC-47).  the  "possible"  sector  can  be  linearly  scaled  by 
the  bOC  and  90',  RH  lines  Ihe  procedure  is  then  to 
calculate  the  Rll  (torn  the  plotted  temperature  and 
dew  point  values  at  a  given  pressure  level  and  compare 
the  R  II  obtained  to  the  R  H  scale  in  the  possible  sector. 
It  the  calculated  Rll  is  greater  than  the  scale  RH  tor 
that  level,  contrail  formation  can  be  expected. 

Ihe  DMSI’  v  isible  picture  at  Ohio  GMI  (  I  (  -Sib) 
shows  a  taint,  linear  cloud  feature  along  the  eastern 
shore  ot  the  I’ersian  Gull,  which  extends  to  the  north¬ 
west  and  becomes  imliseernable  oxer  the  land  I  tie 
eontr.nl  observed  eailtcr  has  almost  dissipated  1  Ins 
time  Irame  ot  dissipation  ot  less  than  1.5  hours  is 
tspical  ol  contrails  Ihe  \M(  2'0-mh  analyses  lor 
DOOO  (,M  I  ( l(  -52a)  ami  1200  GM  I  ( l(  -52b) indicate 
tfiat  the  displacement  ol  about  h()  11  mi  ol  the  contrail 
between  the  successive  pictures  is  111  reasonable 
agreement  with  the  upper-level  winds  over  the  region 


Important  C  onclusions 

1.  Contrails  appear  in  satellite  imagery  as  distinct 
linear  cloud  lines. 

2.  1  valuation  of  upper-air  soundings,  using 
standard  contrail  formation  procedures,  can 
provide  guidance  on  contrail  formation.  This 
information  can  be  used  to  define  potential  areas 
on  satellite  imagery  where  contrails  are  most 
likely  to  be  observed. 
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Case  1  Red  Sea  j  Persian  Gulf— 

Spring  Transition 

Desert  Front 

During  winter  and  early  spring,  the  polar  front,  referred  to  in  the 
literature  (NEPRF,  1980)  as  the  desert  front,  is  located  over  the  northern 
Red  Sea  region.  The  desert  front  is  frequently  semi-stationary  over  this 
region  during  blocking  periods  over  Western  Europe.  During  such 
situations,  meridional  lows  to  the  west  and  east  of  the  block  also  tend  to 
remain  stationary.  Under  these  conditions,  the  desert  front  may  be 
strengthened  periodically.  3s  northerly  flow  around  the  low  over  the 
Balkans  on  the  east  side  of  the  block  directs  surges  of  polar  air  southward 
into  north  Africa  and  the  Middle  East. 

An  intensification  of  the  Balkan  low  or  a  movement  of  the  low 
eastward  can  result  in  the  desert  front  being  pushed  southward  across  the 
Red  Sea,  Arabian  Peninsula,  and  the  Persian  Gulf  region.  Since  merged 
polar  and  subtropical  jet-force  winds  are  often  found  through  a  deep 
layer  on  the  southern  portion  of  the  polar  low  and  in  the  baroclinic  zone 
above  the  desert  front,  severe  duststorm  conditions  may  be  spawned  by 
terrain-induced  turbulence  produced  by  the  jet-force  winds  coupling 
with  the  low-level  polar  surge  flow. 


Reference 

NTPR1  .  19X0  Weather  in  the  Indian  Ocean  to  latitude  30°  S  and  Longitude  95°  t 
me lutlmg  ihc  Red  Sea  and  Persian  Dull.  Vol  2,  Part  I.  N AVfcNVPRFDRSCHF AC 
technical  llullettn  X0-02.  Naval  L;n\ ironmental  Prediction  Research  Facility. 
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14  Mav 

I  In'  NMC  sutlacc analvsis  loi  I’OOliM  I  (ID  H*;> ) 

shows  continued  rtotibcth  Hott  iii  tlii'  eastern 
Mc-dilci  i  .mean  id  mi  ml  l  Ik  west  suit  ol  I  In-  mii  l.n  c  low 
I  I  ..vci  lutkcv.  which  has  i oil lili ill'll  essentially 
Miilioii.iiN  and  has  mlcnsilicd  slightly  liom  I  lie 
ptcvnus  day.  In  the  l-.iacl,  I  ciianon.  Ionian.  Syiia 
region  muthwestcrh  How  ol  H>  l>  1 1  is  reported, 
with  w  vci.tl  stations  m.ltcatme.  stispi aided  dust  ami 
ha/,  in  the  atea  1  he  on responding,  NMC  surtace 
slieainhue  analysis  (II)  lOh)  n  veals  suspended  dust 
down  to  the  northern  u eion  ol  the  Pcisian  (mil  with 
some  stations  repoitii.g  .l>scii:cd  sens  (dusty 
I  leshcumg  northerly  llow  is  al  o  shown  west  id  the 
Rett  S;ii.  with  numerous  inpu  ts  ol  suspended  dust 
An  anticvi  |omc  eentei  o  -till  .mhcald  mo  Aiabia. 
lust  '.s .  st  ol  the  northern  poi  t ion  o|  the  I’eisian  (i till  A 
couple  ol  stations  pist  noitii  ol  this  center  are 
indicating  light  southeaster lv  lh  w.  in. pis  mi;  that  the 
descil  Iront  is  still  to  the  ninth  ot  this  aiea 


at  lower  levels  have  increased  in  speed  prior  to  li.mlal 
passage  ( 14  Mav  alien  I 200  ( i M  I  ),  due  lo  lianslei  ol 
tnonientuin  limn  idol!. 

The  M I  I  !  < >SA  I  watei  vapor  dat;i  picture 
(ll)-ldh)  reveals  the  broad  vveaeily  Mow  itssoeiated 
with  the  STJ.  delineated  hv  the  d.uk  (dry)  slot  on  the 
noithein  edge  ol  the  S1.I.  and  the  legion  ol 
converge  nce  id  this  feature  with  the  l*JS.  I  he  position 
ot  the  dry  slot  is  shown  on  l he  200-mb  analysis 
1 1 1  >  - 1  ?a ) .  which  also  show  s  I  he  let  stream  con  vet  pence 
in  that  region 


I  he  tulle  section  lot  Heint.  I  ehanon  (ll)-lle) 
provides  evidence  ol  ihe  dc'sc  i  li.mt  apparently 
passing  tins  location.  Passage  ol  the  Itotit  is  suggested 
at  lieirut  between  1200  (iM  I  I  '  May  and  0000  (A)  I 
14  Mav.  Passage  at  Damascus.  Syiia.  as  indicated  in 
the  time  section  lor  this  station  (II)  lid)  occurred 
iippto.vimately  24  hour  Intel. 

I  he  N  MC  K50-mb  atiitiy  sis  1 1 1)  I  la )  c  ontmues  to 
show  a  low  pu?'sure  eenlet  I  over  the  Balkan  region 
with  a  tiigh  pressure  cell  over  Saudi  Arabia.  A  packing 
ot  the  isotherms  over  the  Sinai  Peninsula,  and  to  the 
northeast  and  southwest  ol  this  region  is  still  apparent. 
•\tr  circulating  around  i he  base  ot  the  Balkan  low  then 
turns  anticyclnnic.il!;.  mfo  the  Persian  (hilt.  I  tie 
nature  ol  the  antieyelome  eireulation  over  Saudi 
Arabia  is  revealed  on  the  MOM  \  7II.)  mb  How  held 
(ID  1 1  h).  w  hieh  shows  strong  winds  cut ci  mg  the  area 
I  rom  the  eastern  Mediterranean  ami  turning 
itntieycl.inieally  into  the  Persian  (mil. 

At  200  mb  |ID-I2a),  a  jet  streak  with  winds  over 
100  kt  is  shown  passing  just  north  ol  the  Sinai 
Peninsula.  Conditions  are  lav  en  able  tor  duststorm 
generation  by  turbulent  transfer  of  winds  from  tipper 
levels  to  lower  levels. 


1  ire  MI  IFOSAT  visible  picture  (ll)-l 2b)  reveals 
that  the  cloud  band  associated  with  the  desert  front 
has  moved  southward,  and  extends  Irony  the  southern 
Sinai  Peninsula,  across  Saudi  Arabia  into  northern 
Iraq  I  he  front  has  broken  up  considerable  in  terms  of 
total  cloudiness,  and  not  much  weather  of 
consequence  is  apparent  in  the  visible  picture  over 
northern  Saudi  Arabia  Hovvevei.  i lie  corresponding 
Ml  1 1  t  )S  A  I  ml  rated  picture  (  I  D  I  hit  reveals  cooler 
temperatures  extending  ;«*  a  halo  clleet  aioumi  Ihe 
vi'it.1,--  .  ad  hums  I  ft  -sc  cooler  len.pei  ituies  iclleu 
U  ■  mes  nee  o|  raised  U-ist  m  the  ii.v.t.d  legion.  Note 
"m:  iIk-  IR  data  d<  es  not  sup  .-t  such  cool 
ten  p.  r, tunes  over  I  ay  pi  and  Su.’-.i  l  where  dust  was 
also  tepmted  m  the  suil.iee  i  bse:  . .iti  -ris  (ID-lOb) 

I  his  indie.i'e-  that  lire  dust  m  those-  areas  was  nor 
w i.lt  spread,  or  developed  as  that  associated  with  the 
il.se, !  limit 


Correlating  the  intr.iicd  MI  1  I -OS  A  I  datawiththe 
Damascus  nme  section  ( i  D  I  Id)  shows  that  the  winds 
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1  )  Mai 

I  ho  \\H‘  Mirlacc  analysis  loi  L’UOt.MI  (ID-.tb) 
Mr  ms  a  l.i rut:  high  prcssiiic  n  il  mi  l  \\  ostein  luiope, 
nncntcd  Irom  the  noithc.ist  in  I li .  southwest.  On  the 
east  sklent  the  Ini'll.  iioithcilv  iuiiiI  -  llow  southward 
wc.oss  ;h.-  Mediteri.ii.oan  mtn  no.ili  Ahic.i.  f’ndcr 
tl'.’s  llow  pattern.  the  ek  sit  limit  should  tie  located 
"•i  nn  the  northei.i  in  m  c  1 1 1 . 1 1  •  >  i  i  •.  I  t.niiih  (Ml) 
el  the  north  Vrican  eo.i'tline 


l  lie  (lOI  S  Indian  Ocean  visible  picture  Ini  07  Ml 
OM  I  (ll)-5a)  provides  a  view  ot  the  deseit  tiontal 
eloud  system.  The  picture  conlui.is  that  them  is  no 
large-scale  dtiststonn  over  the  Red  Sea  in  I’eisian 
Gulf.  I  liese  pictures  cannot  he  relied  upon,  however, 
to  detect  smaller  scale  dust  advietion  because  the 
resolution  is  inadequate  to  detect  such  small  scale 
(eat ures. 


the  iS'()-mb  analyse  is  uelal  in  locating  the 
I'  '-nie'ii  '.I  the  deseit  limit,  since  the  umpciaiure 
u  it i ust  across  the  ti  ant  is  gicai.  i  at  levels  above  the 
..lace  I  he  NMt  s50-uih  anal',  os  ( 1 1 ) -2b)  shows  a 
.'  lot:  ot  packed  isotheiue.  ovci  the  Sinai  l*eninsula. 
.u;d  to  the  northeast  and  southwest  id  the  peninsula. 
I  lie  analysis  also  shows  a  closed  invv  I.  over  the 
balk ans.  and  a  high  pic-siiic  enculai'on  over  the 
\  a  b  ian  Peninsula.  I  lie  desei  l  tioul  Iks  between  these 
via  i  irctilatmti  features.  in  the  icgion  where  the 
..  m pc rature  gradient  is  the  st longest  Note  tiial  winds 
■  I  40  h()  kt  are  observed  along  the  base  ol  the  Balkan 
low.  indicating  the  potential  (or  iow-kvcl  turbulence 
and  duststorm  generation  I  lie  M()M: X  X5()-mb  How 
lie-id  (ID-fa).  shows  in  bettei  detail  the  anticyclonic 
c  ,i etii.it ioii  over  the  noi them  \iabi,tn  I’eniiisnla.  vv itli 
a  How  ot  mod  :r;*tely  sti.  iig  tun '  I'.ei  ly  winds  into  the 
I’ei uan  tin!!. 

On  the  \ Ml’  700-mb  analysis  (ll )-2a I.  a  mergci  of 
'lie  polar  let  ( IMS)  and  the  subtropical  |Ct  (STJ)  occurs 
near  the  Sinai  Peninsula.  I  he  winds  diverge 
downstream  with  one  branch  turning  southward 
.ic'oss  the  Persian  Gull  and  t lie  other  branch  turning 
northward  around  the  Balkan  low .  Snell  a  strong  wind 
curdig'jration  poses  a  strong  potential  lor  duststorm 
development  over  the  Syrian  desert,  with  advection  of 
the  dust  southward  over  Iraq.  Iran,  and  tile  Persian 
Gull 

I  he  Ml  I  1  OS  A  I  visible  picture  at  1155  GMT 
i  I  i-4.il  reveals  eloud  bands  Al-Al  which  define  the 
■pu.d  .oit.'v  associated  with  the  Balkan  low  and  the 
*  live  portion  ot  the  deseit  i rom  over  the  Sinai 
I  !,.'is  d.i  Subtropical  let  stream  eurus  is  observed 
r  '  un  "l  tli.  desert  Pont  oven  central  Africa.  Ibis 
1  e'e  ■  s  emphasi'eu  in  the  simullaneous 
‘i  II  Os  SI  iiiluiul  pi. ture  |l|)-4h).  which 

.  ■  ■  ■  *  ’  'I  e  "Id  linns  lempcratures  and 

1  Un’  'swill"  v  eellciii  contrast  against 


T  he  higher  resolution  DMSP  ■.  i . i Isle  pictiuc  at  0245 
( i M  1  (ll)-fial.  however,  shows  gray  shades  m  the 
Persian  Ciull  which  suggest  dust  in  suspension.  Note 
ihe  clarity  ol  the  Zagros  Mountains,  as  opposed  to  the 
surrounding  regions.  (Tie  clauiy  results  from  the  (act 
that  most  ol  the  higher  elevations  of  the  mountains  are 
well  above  the  dust  and  aerosol  debris.  The  DMSP 
infrared  picture  (ll)-7a)  shows  cool  areas  (medium 
gray  shades)  over  the  Persian  G  nit.  some  of  vv  hich  may 
be  attributable  to  long  wav  c  i  adiation  Irom  dust  in  the 
atmosphere.  Howcvci.  the  tact  that  die  Persian  Gulf 
land  boundaries  are  not  obscured  by  this  effect 
indicates  that  the  dust  at  this  time  is  not  heavy  or 
intense  in  character.  Some  sea  surface  temperature 
effects  appear  to  be  revealed  in  this  picture;  in 
particular,  an  apparent  upucllnig  of  cold  water  along 
ihe  southern  coast  o!  Iran  and  Pakistan  extending 
eastward  from  the  Ciull  ot  Oman 

I  he  INOC  36-hr  surface  prognosis  ( II.)-Xb).  based 
on  the  initial  surface  analysis  ( 1 1  >-8a ).  indicates  that 
the  low  pressure  is  retained  over  the  Balkan  region, 
and  that  pressure  vv  ill  fall  ov  er  the  Sinai  Peninsula  and 
the  northern  Red  Sea.  A  wedge  of  high  pressure  is 
shown  building  over  the  Peisiun  Gulf'  region.  Ihe 
I'NOC  3b-hr  500-mb  prognosis  ( 1  l)-9b).  based  on  the 
initial  analysis  (II)-9a),  similarly,  retains  an  almost 
stationary  and  slightly  deeper  low  over  the  Balkans, 
with  somewhat  lower  height  contours  extending  over 
Saudi  Arabia.  A  ridge  extends  northward  from  Iraq  to 
the  northern  Caspian  Sea.  The  flow  pattern  is  such 
that  any  dust  raised  over  the  Syrian  desert  reaching 
this  upper-level  Mow  would  be  ad  veiled  southeastward 
toward  the  Persian  Gulf  I  he  prognosis  charts  suggest 
some  slight  southward  movement  of  the  desert  front 
into  Syria,  where  duststorm  conditions  could  he 
anticipated  A  vigoious  movement  ol  the  Iront  into 
Saudi  Arabia,  however,  appears  unlikely 
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I  Ik  NM(  sill  I.rt  analysis  .tl  120(1  GM  I  (ID-lXa) 
indicates  that  I  In-  low  prcssuie  eentei  1. 1  lias  moved 
caslwaid  lo  i lie  eastern  portion  ol  the  Caspian  Sea. 
Noilliv.-h  I'olai  How  continues  lo  he  ilireeleil 
sontliwaiil  atouiul  this  eentei  am!  in  the  region 
between  iho  center  anil  the  high  picssurc  cells  lo  the 
,i i  '  I  he  N  VK  surface  streamline  analysis  ( 1 1)- 1  Kb) 
••I low  s  a  i  \i  louii  eentei  I.!  noi  th  ol  the  1‘eisian  (iiilf 
o  .er  southern  Iraq  with  abundant  icports  of  dust  in 
that  legion  Northerly  winds  aic  seen  to  extend  to  the 
soiithem  Kid  Sea  region  ami  then  turn  cyclonitallv 
..round  a  Hough  which  crosses  Saudi  Arabia  from  the 
southwest  to  the  northeast. 

Ai  bSO  mh  |ll)-ll)a).  a  packing  of  isotherms 
i  ontimies  to  he  shown  in  the  noithei  n  Red  Sea  region. 
A  trough  1  I  extends  Irotn  a  low  west  of  the  Caspian 
Sea  to  the  central  portion  of  the  Red  Sea.  The 
MOM  X  K5()-mb  flow  field  (ll>- 14b),  shows  the 
extension  of  westerly  mid-latitude  flow  into  central 
Saudi  Arabia,  as  compared  to  ID- .fa  when  the  desert 
front  was  still  well  to  the  north. 

1  he  dOH  mh  analysis  (ID-20al  continues  to  show- 
strong  jet-force  westerly  winds  crossing  north  of  the 
Sinai  Peninsula  and  turning  anticyelonically  into  the 
Persian  Cinlf. 

I  he  Ml  ITOSAT  visible  picture  at  1155  GMT 
( 1 1  )-2(lb).  te\ cals  a  hazy  streak  (dust)  extending  across 
Saudi  Arabia  into  southern  Iraq,  a  few  degrees  south 
ol  the  cloud  band  position  show  n  in  the  visible  picture 
on  the  previous  day  (ID-!2b).  1  he  METEOSAT 
infrared  picture  ( I  D-2la).  shows  cooler  temperatures 
o.er  the  region  from  the  eastern  Mediterranean  into 
northern  Saudi  Arabia,  and  particularly  over  the 
region  ol  southern  Iraq.  Cirrus  plumes  associated  with 
the  STJ  are  seen  turning  anticyelonically  over  north 
Africa. 

These  plumes  and  associated  mid-tropospheric 
water  vapor  are  shown  in  the  METEOSAT  water 
\  apor  picture  1 1  D-2 1  b).  Again  the  area  of  the  merger 
I  the  PJS  and  STJ  is  shown  by  the  dry  (dark)  slot  on 
Tie  north  side  of  the  STJ  cirrus.  I  he  darkest  region  in 
the  western  portion  of  the  image  coincides  with  the 
.'ginn  w  here  confluence  of  the  respective  jet  streams  is 
most  pronounced,  as  shown  in  the  2 OO-nib  analysis 
i  ID- 20a j. 

I  he  DMSP  \  isible  picture  ( I  f  )-22a).  approximately 
I'Hir  hours  prior  to  the  Ml  I'liOSAT  imagery,  also 
reveals  the  dust  plume  extending  across  Saudi  Arabia 
.no  southern  Iraq.  The  surface  reports  and 
-tr. •anilines  superimposed  on  the  DMSP  image 
ill>-23a)  clearly  reveal  the  low  mer  southern  Iraq, 
where  the  Euphrates  River  and  nearby  lakes  are  seen 
m  be  obscured  by  the  dust  plume.  The  trough 
as'iiciatcd  wi'li  the  southward  movement  of  (he  desert 
itoPt  is  dsn  clearly  defined  extending  from  southern 
I  aq  into  the  lokar  Ciap  region  ol  Sudan  Note  the 
typically  strong  northerly  winds  in  the  northern  Red 
Sea  follow  my  the  desert  Iront,  go  mg  t  ise  to  localized 
Itis-  production  in  adjacent  areas 

I  he  corresponding  DMSP  inflated  picture 
tlD-iMbf  demonstrates  the  important  capability  of 
detecting  the  denser  portion  of  the  dust  plume  over 


southern  Iraq  w  hich  could  seriously  aflcct  land  and  an 
operations  in  that  area.  Confirmation  of  strong  w  mils 
in  (Ins  region  arc  shown  hv  wave  clouds  in  and  neat  (he 
dust  plume. 

Important  Conclusions 

I  Satellite  data  correlated  with  conventional 
surface  and  upper-ait  obsci  vat  ions  aic  required  to 
delect  the  movement  of  the  desert  front  and  the 
region  and  extent  of  dustslorm  production. 
Numerical  prognoses  and  conventional  analyses 
in  themselves  do  not  provide  the  requited 
accuracy  or  information  content  necessary  to 
resolve  and  predict  such  occurrences. 

2.  Water  vapor  imagery  provides  useful  information 
on  jet  stream  location  Confluence  ol  the  PJS  w  ith 
the  STJ  can  be  detected  as  a  dry  (dark  tone)  slot  in 
water  vapor  imagery. 

3.  GOES  imagery  and  imagery  from  other 
geostationary  satellite  systems  of  similar 
resolution  are  inadequate  in  terms  of  resolving 
light  suspended  dust  in  the  atmosphere,  readily 
detected  bv  higher  resolution  systems  such  as 
DMSP. 

4.  Heavy  or  intense  dust  in  the  atmosphere  is 
detectable  as  a  cool  or  cold  area  in  DMSP 
infrared  data  which  will  result  in  theobscurement 
of  land-sea  boundaries.  Light  dust  in  suspension  is 
detectable  but  does  not  obscure  land-sea 
boundaries. 

5.  Time  sections  for  Beirut,  Lebanon,  and 
Damascus.  Syria,  based  on  KAOB  data,  are 
uselul  to  maintain  lor  detection  ol  movement  ol 
the  desert  front  past  those  locations  and  for 
evidence  of  strong  winds  at  low  elevations  that 
could  create  severe  duststorm  conditions  capable 
of  affecting  operations  in  the  region  over  and 
surrounding  the  Persian  Ciulf. 

6.  Dust  in  the  atmosphere  over  mountain  ranges 
results  in  subdued  contrast  in  satellite  visible 
imagery  thereby  providing  a  means  to  detect  such 
an  effect  w  hen  compared  to  earlier-obtained  clear 
sky  \  iews. 

7.  Strong  northerly  winds  should  be  anticipated  in 
the  Red  Sea  and  Persian  Gulf  following  a 
southward  movement  of  the  desert  front  through 
that  region. 


ns  i'normn  n  at  r,n>'!  ni;vtri\ir  r  vnrNsr 


850  mb 


AV«/  Si'ii  I’fi muii  <  in  I f 

l)u\l\fi>rms  <.i-in>iilii/  bv  I  he  Ih'wrl  trout  \/'inn;  Ininsilmn  (n\r  I 


\ 

—  .  i 

\  '■ 


: !  >■ .  .’,1  \  \H  X'i;-ir.b  Ana!\Ms.  1200  (<M  l  15  May  1979 

850  mb 


AD-A154  718  NAVV  TACTICAL  APPLICATIONS  GUIDE  VOLUME  5  PART  1  INDIAN  2/2 
OCEAN  (RED  SEA/PE.  .  (U>  BOHAN  (HALTER  A)  CO  PARK  RIDGE 
IL  R  H  FETT  £T  AL.  FEB  85  NEPRF-TR-83-83-REV 
UNCLASSIFIED  N88228-82-C-6222  F/G  4/2  NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS-1963-A 


Case  2  Red  Sea/  Persian  Gulf— 

Spring  Transition 

Detection  of  the  Descending  Offshore  Branch 
in  a  Sea  Breeze  Circulation 

The  sea  breeze  circulation  has  a  descending  offshore  branch  \v  hich  can 
be  quite  strong  at  low  latitudes,  where  pressure  gradients  arc  generally 
weak  and  solar  insolation  very  high.  As  an  example,  it  has  been  noted  in 
the  Netherlands  East  Indies  that  pilot  balloons  blown  out  to  sea  in  the 
upper  return  current  of  the  sea  breeze  circulation  have  been  obsersed 
returning  to  the  coast  at  sea  level  in  the  lo\v-le\el  onshore  flow  ( Kimble 
and  Collaborators.  1946).  t  he  implication  is  that  subsidence  offshore 
was  sufficient  to  overcome  the  free  lift  of  the  balloons. 

The  effect  of  the  subsidence  is  to  warm  the  air  and  stabilize  the  lapse 
rate  in  the  descending  branch  of  the  sea  breeze  circulation.  Moist  haze 
droplets  arc  evaporated  or  reduced  in  size  by  the  warming  of  the  air.  At 
the  same  time,  the  stable  lapse  rate  impedes  the  downward  transfer  of 
wind  momentum  to  the  sea  surface  so  that  a  profound  calming  influence 
is  maintained  in  the  subsidence  region. 

The  effects  of  the  subsidence  arc  often  detected  in  satellite  visible 
imagery  in  one  of  three  distinct  patterns:  ( I )  An  offshore  cloud  line  may 
appear  where  the  subsiding  branch  of  the  sea  breeze  circulation 
converges  with  the  prevailing  onshore  flow;  (2)  When  a  uniform 
anomalous  gray  shade  area  is  observed  offshore,  a  clear  channel  may  be 
produced  along  the  coast  under  the  subsiding  branch  of  the  sea  breeze 
circulation  where  moist  haze  droplets  composing  the  gray  shade  have 
been  evaporated;  and  (3)  Sunglint  effects  may  be  observed  adjacent  to  the 
coastline.  When  the  coastline  is  near  the  primary  specular  point,  brilliant 
sunglint  will  be  observed,  and  sometimes  a  black  strip  will  also  be 
observed  as  pait  of  the  sunglint  pattern.  Both  of  these  occurrences  the 
brilliant  sunglint  and  the  black  strips  indicate  a  calm  sea  s t a f •  -  <  VI  AG 
Vol.  I,  Sec  2  \). 
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I  In  lopopiaphv  on  the  cast  coast  ol  I  lie  Kal  Sea. 
lacing  i lie  A I  llija/  mountain  langc.  is  ideal  lor  the 
Inimulion  ol  strong  land  and  sea  breezes.  The  NMC 
sui  I  nee  si  i  e.i  inline  analysis  lot  ()(>()()  ( iM  I  (0‘XMI  LSI, 
1 1  )-.’(h  1  i  v  veals  only  light  ttnd  v.u  lahle  winds  over  the 
ventral  Red  Sea  region,  hut  by  1 21)0 11 M  1(1 500  LSI, 
!  I  )-2('d)  every  wind  report  in  the  coastal  RedSeaarea 
indicates  onsh.ore  How,  with  speeds  tip  to  20  let. 
suggesting  that  a  strong  sea  brcc/c  has  developed. 

At  700  mb  ()D-26a).  southerly  How  through  the 
ventral  Red  Sea  region  curves  unlicvclonically  around 
a  high  picssurc  (anticyclone)  eenteied  over  southern 
Saudi  Arabia.  Near  the  surface,  light  northwest  winds 
at  Jidda  i ID- 26b)  indicate  the  existence  ol  the  sea 
bree/c  within  the  overall  southeiiv  synoptic  How.  A 
low -let  el  inversion  is  also  apparent  based  on  this 
sounding 

The  DMSI’  \  is:  hie  picture  at  OS  lb  Ci\1  1(11161  ST. 
I  l>-27al  shows  the  central  Red  Sea  to  be  cloud-free,  as 
suggested  by  the  low  humid  die- in  the  Jidda  sounding. 
1  heie  i'.  however,  an  elongated  bright  area  along  the 
Arabian  mast  The  question  might  be  asked  it  this 
bright  area  could  hi; due  to  a  localized  ihunderstoim 
I  ills  is  pt .-eluded,  however,  because  the  DMSI’ 
.•  hared  picture  (ID-27b)  shows  no  cold  spot  in  the 
area  o'  >  nis  tm usually  bright  region.  I  he  effect  is  due  to 
suneinit  oil  the  calm  seas  Although  winds  are 
•  etiei.illy  light  and  variable  in  the  region,  the  added 
elhvt  ol  the  stabilizing  influence  exerted  by  the 
suhsidirg  branch  ol  the  sea  breeze  circulation 
.it i.v>  absolute  calm  and  hence  the  brilliant  miii- 
gimt  patlcia,. 

Important  Conclusions 

!.  Regions  ot  subsidence  rtlshore  associated  with 
the  subsiding  branch  ol  the  sea  breeze  circulation 
produce  a  stable  lapse  rate  at  low  levels  which  can 
result  in  s.  a  I  m  seas  and  brilliant  snnglint  patterns 
ollshoic 

7  The  tactical  toreeaster  can  use  information  ol  this 
type  in  several  ways,  including 
a  I  lie  abilitv  to  locate  legions  in  Ins  area 
' uhject  to  stiong  land  and  sea  breeze 
inline  nee. 

b  Account  lor  variations  in  localized 
m.isfa!  sea  state  conditions 
.  Inti!  low-level  wind  diiection  in  the 
absence  ol  synoptic  repoits 


Case  3  Red  Seal  Persian  Gulf— 

Spring  Transition 

Land  Breeze  Detection  in  Infrared  Imagery 

The  land  breeze  forms  during  evening  hours  as  a  result  of  differential 
cooling  between  the  land  and  the  sea.  The  temperature  of  the  land  drops 
very  rapidly  after  sunset,  whereas  the  sea  surface  temperature  drops  very 
slowly.  As  an  example,  under  ideal  radiation  conditions  with  a  clear  sky 
in  a  relatively  dry  atmosphere,  land  surfaces  may  cool  as  much  as 
20°  30°  F  during  the  night,  whereas  the  sea  surface  temperature  during 
the  same  period  rarely  drops  more  than  0.5°  1°  F.  The  density  difference 
between  the  air  over  the  land  and  that  over  the  sea  results  in  a  pressure 
gradient  force  directing  the  movement  of  the  air  to  the  sea,  creating  the 
land  breeze.  The  strength  of  the  land  breeze  is  normally  not  as  intense  as 
that  of  the  sea  breeze.  However,  in  coastal  mountainous  areas,  cold  air 
draining  down  the  mountain  side  acquires  a  fall  velocity  which  can 
reinforce  the  land  breeze,  creating  strong,  gusty  conditions.  The  land 
breeze  advance  over  the  sea  requires  compensating  subsidence  onshore 
and  rising  motion  over  the  sea  at  the  seaward  edge  ol^thc  land  breeze, 
which  forms  a  closed  cellular-type  circulation  similar  to  that  of  the  sea 
breeze  circulation,  but  reversed  in  direction. 

Satellite  evidence  of  land  breeze  effects,  as  described  in  the  literature, 
has  been  chiefly  concerned  w  ith  a  discussion  of  the  offshore  cloud  line 
observed  in  visible  and  infrared  imagery,  parallelling  the  coastline.  This 
cloud  line  results  from  speed  convergence  and  upward  vertical  motion  at 
the  seaward  limit  of  the  land  breeze,  under  favorable  circumstances. 
However,  due  to  DMSP  infrared  sensor  water  vapor  absorption 
characteristics,  these  data  can  provide  details  which  can  he  used  to 
identify  the  presence  of  a  land  breeze  circulation. 
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I  lie  DMSP  visible  pa  tui c  at  (» < iM  I  ( 1 1  >  (O.i) 
was  acquired  nppio\iiiiulely  nnr  limn  tiller  simii-c. 
Sunglint  Is  observed  extending  along  the  eastern 
portion  of  the  image  the  normal  location  ot  sunglint 
mi  an  eatlv  inoinmg  DMSI*  pass.  The  Red  Sea, 
tlu'ielore.  is  well  removed  Iioiii  the  sunglint  area.  I  lie 
satellite  picture  shows  the  ridge  line  ot  the  Al  Hija/ 
Mountains  along  the  eastern  shore  ol  the  Red  Sea, 
between  15  \  and  20'"  N,  in  the  region  wlieie  the 

ten ain  rises  very  sleep!)  front  sen  level.  Some  ol  the 
mountains  in  this  range  have  peaks  close  to  10,000  It; 
the  aveiage  elevation  of  the  prominent  ridge 
parallelling  the  coastline  is  about  5,000  It  (lIMId). 

I  he  satellite  picture  also  shows  subtropical  jet 
si i cam  cirrus  over  the  northern  Red  Sea.  With  this 
cloud  pattern  it  is  common  to  have  a  cell  of  high 
pressure  to  the  south  over  southern  Saudi  Arabia.  Ihe 
N MC  JOO-mb  analysis  for  0000  (iM  I  ( 1 1 )-3 1  b)  shows 
the  subtropical  jet  stream  over  the  northern  Red  Sea. 
and  a  high  pressure  eel1  over  the  southern  Arabian 
Peninsula.  The  corresponding  NMl'  surface  stream¬ 
line  analvsis  ( I  D-3lc)  shows  very  light  vvitulsand  clear 
skv  conditions  over  the  southern  Arabian  Peninsula, 
in  agreement  with  the  satellite  evidence. 

Ihe  neatest  radiosonde  station  on  the  eastern  Red 
Sea  shore  is  Jidda,  near  21  N,  39  I  I  he  sounding  at 
this  siunon  lor  0000  (/M  l  (ID-3le)  reveals  calm 
surface  winds  and  a  surface-based  inversion,  as  the 
and  land  was  cooled  through  ideal  radiation 
conditions  during  the  nighttime  horns.  One  might 
anticipate  that  under  such  circumstances  a  strong  land 
b/cc'/c  should  develop,  particularly  along  the  shore 
lacing  the  Al  Hija/  Mountains,  Yet  little  evidence  ol 
such  an  afleet  can  be  obtained  from  the  OMNI’  visible 
picture,  or  the  weather  analyses. 

Ihe  DMSI*  infrared  picture  lor  0525  (i.MI 
til  Mia).  however,  which  is  especially  enhanced  to 
provide  information  on  variations  in  temperature  at 
ike  watm  end  ol  the  enhancement  scale,  gives  strong 
evidence  that  a  land  bree/e  circulation  lus  been 
established  along  the  east  coast  of  the  Red  Sea 
between  latitudes  lb  N  and  20°  N.  In  this  region  a 
w  at  in  (black -toned)  area  e.v tending  front  roughly  40  to 
20  n  mi  otfshore  is  clearly  evident  Over  most  of  the 
Red  Sea  cooler  temperatures  with  a  slightly  mottled 
uppe .nance  are  observed.  Water  v  a por  absorption  had 
sti.-ng  elteet  on  the  inlrared  signal  for  DMSINpaec- 
i  ie.lt.  particularly  lor  those  ol  the  Block  5-0  series 
(I  I.  1-2.  and  I  -  M.  which  had  spectral  handvvidths 
>  !•  tidme  Irom  Mol'  micrometers  (see  NIAli  Vol.  2. 
See  5  \  Case  6) 

In  moist  tropical  or  s. rm-ttopieal  air  masses,  the 
problem  w  i-  so  seven  that  ocean  thermal  features 
i  mild  r.i'elv  be  seen  In  this  I  - 5 esampl. . such  features 
appeal  t«»  he  complotclv  blocked,  and  the  variations  ol 
detail  uvci  the  ope  n  m  .am  an  be  attributed  to  changes 
m  the  coneentiati.m  and  temperature  o!  the  water 
vapor  in  the  atmosphere  rathe.’  than  sea  surface 
fempeiatlire  changes 


Why,  then,  should  a  land  bree/e.  where  cooler  air  is 
blowing  from  the  land  to  Ihe  sea,  piodtice  a  warm 
temperature  reading?  Ihe  answer  to  this  question 
appears  to  be  that  the  land  hreeveau  is  not  only  cooler 
than  the  air  over  the  Red  Sea  but  also  much  drier.  I  try 
air  from  alolV,  which  has  rolled  down  Irom  the 
mountain  side  has  been  introduced  into  the  boundary 
layer  thereby  reducing  the  total  water  vapor  content 
per  unit  volume.  With  less  water  vapor  in  the  land 
hree/e  region,  atmospheric  absoiptive  effects  are 
reduced  and  the  infrared  sensor  records  lailhlully  the 
warmer  temperatures  ol  the  actual  sea  surface. 
Conversely,  in  the  surrounding  region  sea  surface 
temperatures  are  masked  by  the  over-lying  water 
vapor  which  radiates  at  a  much  cooler  temperature, 
characteristic  of  the  low  and  mid-troposphere. 

Apparently  the  Al  Hi  ja/  mountain  region  is  strongly 
favored  for  the  development  of  land  breezes.  An 
almost  identical  example  is  observed  on  6  June  1979, 
in  the  DMSP  (F-.3)  infrared  picture  at  0308  GMT 
(0608  LSI,  ID-33a).  Not  only  docs  the  drying  elfect  ol 
the  land  breeze  appear  south  of  Jidda  but  also  in  a 
small  region  south  of  the  Sinai  Peninsula.  The  effect  in 
that  region  is  due  to  cold  dry  air  drainage  from  a 
coastal  mountain  basin  just  south  of  the  Sinai 
Peninsula  (IO-3ld).  Ihe  converging  effect  of  air 
draining  down  from  such  a  basin  would  favor 
especially  strong  land  breeze  conditions.  The  corre¬ 
sponding  DMSP  visible  picture  (ID-32a)  does  not 
provide  any  evidence  of  a  land  breeze  circulation  south 
of  the  Sinai  Peninsula  or  in  the  southern  portion  of  the 
Red  Sea  due  to  suspended  dust  and  haze  at  lower  levels 
over  the  region. 

Important  Conclusions 

1.  Hnhaneed  infrared  data  acquired  during  early 
morning  hours  over  moist  tropical  regions  are 
useful  in  determining  areas  exhibiting  pro¬ 
nounced  land  breeze  effects. 

2.  Sueh  regions,  because  of  reduced  humidity, 
should  be  anticipated  to  be  regions  of  increased 
low-level  visibility,  and  will  appear  as  a  warm 
region  in  infrared  imagery  (even  though  reduced 
humidity  is  due  to  cold  air  drainage). 

3.  Concave  coastal  mountain  basins  or  bay  areas 
encircled  by  mountains  should  have  especially 
pronounced  land  breeze  effects 
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1 1.-5  la.  Average  low-level  wind 
prol  ilc  for  Huh  i  .1  in 
Alter  Members.  I'IS.V 
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i  I E-5 1  b  Example  of  low-level 
|  wind  profile  during 
shamal  event. 

Alter  Memberv .  I9X.V 


ll  -'le.  I  osv-lescl  wind  profile 
during  strongest  shamal 
on  record 

i  Alter  Members  19X1 
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I  Ik-  July  mean  monthly  unllow  at  K50  mb  (ll'-.MIa)  shows  a  speed 
maximum  over  the  extreme  northwestern  Persian  (iull  liiant  ( I X)K2 ) 
points  out  that  the  core  o!  the  northwesterly  How  slopes  westward  with 
hcij'l  !  and  is  still  evident  in  the  mid-troposphere  near  Riyadh,  some  240 
miles  to  the  west  of  the  Persian  <»ulf  (lf;-50b). 

At  night,  very  stable  conditions  develop  tint!  little  mixing  occurs  over 
the  Persian  (lull  region.  Maximum  radiational  cooling  occurs  over  the 
desert  under  nighttime  clear  sky  conditions.  Inversions  as  stiong  as  0°  C 
pci  500  It  have  been  reported  over  Bahrain  (Members.  IdNJ).  I  hese 
coiulitions  during  the  summer  shamal  are  occasionally  i elated  to  the 
development  of  a  nocturnal  low-level  jet  that  can  cause  extreme  wind 
shear  in  the  region  from  a  few  hundred  feet  dovv  n  to  the  surface,  as  speeds 


ll  -5(>a.  Julv  mean  monthly  airflow  at  X50  mb. 
Afrei  Grant.  I4S?. 


tl  Siih  Map  at  the  I’crsiap  ( *  nil  legion 
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suddcniv  decrease  very  i  lpidly.  I  tic  potential  as  an  nircrult  na/ard 
during  the  landing  process  is  gieat,  and  it  could  also  pose  a  problem  if  an 
. men'll  luuk  oil  downwind  and  suddenly  encountered  a  strong  tailwind 
at  low  U  \  (. !  s . 

Development  of  the  uocturoal  |ct  appears  to  be  maximized  about  41/, 
hours  alter  sunset  at  2(>'  N  (Members.  19X3).  This  time  period  has  been 
related  to  an  inertial  oscillation  of  (lie  ageostrophic  wind  component  of 
the  tot’d  w  ind,  with  a  period  equal  to  the  inverse  of  the  Coriolis  parameter 
(which  is  latitude  dependent). 

What  appears  to  happen  is  that  during  the  daylight  hours  strong 
heating  leads  to  turbulent  mixing  of  the  lower  atmosphere.  Sea  hree/e- 
indueeii  wind  flow  at  lower  levels  is  mixed  with  winds  at  Inghei  levels 
which  aie  more  geostrophic.  i  his  results  initially  in  a  resultant  wind 
slower  than  would  have  occurred  without  mixing.  At  sunset,  turbulence 
and  mixing  ceases.  The  sea  brec/e  or  ageostrophic  component  of  the 
resultant  wind  begins  to  turn  clockwise  at  upper  levels  inan  inertial  oscil¬ 
lation  due  to  the  eoriolis  force.  About  41/-,  hours  after  sunset,  at  26°  N,  the 
original  tipper-level  wind  and  the  ageostrophic  component  become 
aligned,  .itid  a  rapid  acceleration  of  the  wind  speed  occurs,  which 
produces  the  nocturnal  jet.  The  mixing  effect  has  been  calculated  to 
produce  a  wind  as  much  as  XO','  stronger  than  otherwise  would  have 
occulted  ll'aegleand  Kasch,  1973). 

Members  1 19X3)  shows  an  average  low-level  wind  profile  ( I F  -  5 1  a )  for 
Bahrain  determined  from  12  teports  from  wide-hodied  jets  equipped 
with  Ineitial  Navigation  Systems  (INS)  during  significant  shamal 
outbieaks  Similar  profiles  (IK  Alb)  during  shamal  events  when  a 
mark, d  lew-level  inversion  existed  (<_-7°  C  between  the  surface  and  a 
level  at  or  below  1.000  ft)  show  that  a  drop-oil  in  speed  both  above  and 
below  the  jet  core  is  much  more  rapid  in  those  instances  when  a  marked 
temperatuie  inversion  is  present.  The  height  of  the  jet  maximum  also 
drops  appieeiahly  from  over  1.000  ft  under  non- inversion  dominated 
situations  •(>  as  low  as  600  or  700  ft.  slightly  above  the  top  of  the 
noctui  u.i  I  inversion.  The  wind  shear  below  the  coic  is  on  the  order  of  6  kt 
per  It'd  ti  well  above  ihe  16  kt  per  1.000  ft  used  in  the  classification  of 
'were  clear  air  turbulence  by  Navy  forecasters  (A(rl  &  C.  1974). 

Ihe  devc'npment  of  the  nighttime  inversion  is  the  key  element  in  the 
b  •:  mutton  oi  the  nocturnal  low-level  jet.  However,  the  temperature  and 
wind  prottlw  ( 1 1 . -5 1  for  the  strongest  shamal  case  on  record  ( 1 1  June 
|ux7>  .toe-  not  show  a  strong  inversion.  Ihe  wind  profile  in  this  ease 
'bow  me  i-vv-level  maximum  near  1.000  tt.  rathei  than  near  600  ft  as 
previously  described  (IIMbl,  and  a  lack  of  strong  shear  above  that 
level  i  lie  true  nocturnal  lit  is  not  occurring  in  this  ease. 
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Case  5  Red  Sea/  Persian  Gulf— 

Summer 

Summer  Shamal  over  the  Persian  Gulf 

From  late  May  through  mid-July  persistent,  moderately  strong  low- 
level  northwesterly  winds  are  observed  over  the  northern  and  western 
Persian  Gulf  region,  l  ocally  this  wind  phenomenon  is  known  as  the 
40-day  shamal  and  is  essentially  a  part  of  the  southwest  monsoon 
circulation.  It  results  from  the  Persian  Gulf  region  being  under  the 
influence  of  the  thermal  low  that  forms  each  spring  over  Pakistan  and 
Afghanistan.  The  northerly  flow  over  the  western  Persian  Gulf  is 
enhanced  by  a  lee  trough  to  the  west  of  the  Zagros  Mountains,  which 
border  on  the  eastern  Persian  Gulf.  The  combination  of  a  semi¬ 
permanent  high  pressure  cell  over  northern  Saudi  Arabia,  the  thermal 
low,  lee  trough,  and  topographic  features  of  the  area  tend  to  enhance  the 
northerly  flow  below  5,000  ft. 

The  summer  shamal  is  n  strong  during  the  daytime,  but  typically 
decreases  at  night  over  lam'  cal  duststorms  tend  to  develop  daily  over 
southern  Iraq  and  Kuwait  i  .  J  diminish  during  the  night.  This  is  related 
to  the  typical  unstable  desert  region  conditions  associated  w  ith  the  strong 
daytime  heating  which  leads  to  a  thoroughly  mixed  lower  atmosphere. 
The  summer  shamal  is  basically  a  cloud-free  feature.  1  here  is  no  flow  of 
cold  air  over  the  Persian  Gulf,  as  in  the  winter  shamal;  therelore  no  low- 
level  clouds  are  likely  to  form.  The  existence  of  low-level  dust  plumes 
over  southern  Iraq  and  Kuwait,  however,  would  be  an  indicator  of  an 
active  summer  shamal. 
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I  5  June 

I  he  DMSP  '.  i  iH  |)i.  I  mr  1 1  >  <11  ( i  M  I  ill  4.'.i)  is 
.hi  early  mommy,  pass  tlK-JO  I  S  l  >  m-.  i  tin  Keel  Sea 
.  ay  inn.  I  )citse  'ill-.!  covers  i lie  south'  m  hall  ol  the  Red 
S  .1  i  tic  A I  Him-  in. -iinf.i  in  i  .1 1 1 ;  v-  .i!i»!if  the  eastern 
i  ■  *ii s I  use'  stcepl'  Iiodi  lln  nIiok Ink-  iii-.l  in  l he  I1  ;l.  ( 
i  u  v  at  a  ills  is  an  e!  I  e.  Ii  v  c  hat  mi  l>  •  I  he  a  Jv  am  c  ot  diet 
la-tw.ii'd  over  the  Aiahiai;  I’eiim  mi  I  lie  nigged 
western  boiindaiv  ul  the  higher  clc'.uiviis  o!  the 
mountain  lange  is  barely  discciiull  in  the  vis’blr 
picture.  However,  in  the  DMSP  i.iliaicd  pic'  ire 
(1 1-43.0,  the  mips  line  stands  out  as  a  cold,  wavy 
'toiti'.west  southeast  oriented  line  .separating  itte 
warmer  land  along  the  coast  from  higher  aud  colder 
land  to  the  cast.  1  he  dark  tones  o>ei  the  soul  liet  n  Red 
Sent  indicate  that  the  dust  is  thinnei  over  mis  aiea  as 
compared  to  the  light-toned  area  to  the  northwest  I  he 
cold  area  is  an  e fleet  ol  long-wave  radiation  front  dust 
earned  to  mid-tropospheric  levels  and  debits  from 
convective  activity  along  the  eastern  shore.  I  he 
convective  activity  is  readily  identified  in  the  visible 
picture  ( I F— 42a).  and  the  dense  dust  hand  covers  the 
Tokar  Gap  region  Note  the  numerous  convective 
complexes  that  show  shadows  (dark  areas)  to  the  west, 
awav  from  the  sun  in  this  early  morning  picture. 

/ 

A  streamline  analysis  based  on  the  0600  GMT 
surface  observations  is  superimposed  on  the  DMSP 
\  isible  picture  at  OHO  GM  1  ( I  F.-44a)  to  show  the  flow 
field  over  the  southern  half  of  the  Red  Sea.  Note  that 
northerly  winds  are  located  over  the  northern  portion 
i  I  the  Red  Sea.  and  that  southerly  flow  through  the 
I  okar  Gap  turns  anticyelonically  southward  over  the 
southern  Red  Sea.  I  his  flow  pattern  confines  the  dust 
to  the  southern  Red  Sea  and  shows  that  southerly 
winds  are  responsible  for  the  dense  dust  hand 
emerging  from  the  Tol  ar  Gap.  Numerous  stations 
report  suspended  dust  or  a  duststorm  in  progress  over 
the  Sudan. 

If  June 

I  he  DMSP  visible  picture  at  0451  GM  I  (IF. -45a) 
show-,  that  dust  in  suspension  covers  the  southern  Red 
Sea  to  a  much  les-ei  degree  on  this  day.  The  Tokar 
Gap  is  clearly  discernible  in  this  picture.  Note  hovv 
clearly  the  A1  Hifa/  mountain  range  appears  along  the 
eastern  coastline  of  the  northern  half  of  the  Red  Sea. 

I  he  streamline  analysis  superimposed  on  the  DMSP 
visible  picture  at  0551  GMT  (IF~46a)  depicts  wind 
flow  patterns  over  the  Sudan  and  the  southern  half  of 
the  Red  Sea  similar  to  that  on  the  15  June  DMSP 
visible  picture  (IF-44a)  On  this  day  the  main 
convective  activity  is  vve'l  to  the  south,  and  surface 
observations  show  diiststornis  in  progress  with 
v  isibilities  of  less  than  1 1  -  miles.  Again  the  flow  pattern 
confines  the  dust  to  the  .onthern  half  of  the  Red  Sea 
region. 

20  June 

I  he  DMSP  visible  picture  at  0H|  GMT  (If -47a) 
shows  a  prominent  dust  plume  emerging  from  the 
I  okar  Gap  and  sptcudmg  out  n  an  atch  over  the  Red 
See  I  lie  i«  ,ii.  outstanding  cvirnnlc  of  a  I  okar  Gap 
l.i  i't"ini  produced  bv  high  vands  W  ir.ds  tunneling 


tin ough  the  valley  uiulei  a  stiong  low  level 
temperature  inversion  pick  up  speed  due  to  the  venturi 
el  feet.  t  .vising  dust  in  the  ptoee.ss  v*.  hid)  is  adveeted  out 
ovei  the  Red  Si  a  On  t h is  day.  Mi  ki  southeily  winds 
vveie  observed  neai  I  okar  at  the  NMl-mb  level  at  1200 
GM  I  (MOM  X  winds,  not  shown,  Ki islmamurti. 
107')). 

Important  Conclusions 

1.  1  he  I  okar  Gap  is  a  prefened  route  for  dust 
advection  into  the  central  and  ‘.onthern  Red  Sea. 

2.  Qualitative  comparisons  ol  satellite  visible  and 
infrared  imagery  are  useful  in  determining  relative 
severity  of  duststorm  conditions. 

3.  Dust  plumes  emerging  Irom  the  Tokar  Gap  may 
indicate  strong  southwesterly  winds. 
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Case  4  Red  Sea/  Persian  Gulf- 
Summer 

Duststonm  over  the  Southern  Red  Sea 

An  unstable  atmosnhere  is  necessary  before  dustslorms  can  develop. 
Under  such  conditioi  >,  dust  raised  at  the  sutface  is  lifted  vertically  to 
altitudes  where  stronger  winds  exist,  permittingadveetion  long  distances 
downwind.  In  the  southern  half  of  the  Red  Sea,  the  maximum  frequency 
of  duststonm  is  during  the  summer  months  when  convectively  unstable 
air  reaches  the  Red  Sea  region  as  part  of  the  southwest  monsoon  flow 
from  equatorial  latitudes.  The  Tokar  Gap  is  a  southwest  to  northeast 
oriented  valley  that  opens  onto  the  western  shore  of  the  Red  Sea 
(!F.-41a).  During  the  southwest  monsoon,  winds  tunneling  through  this 
valley  pick  up  speed  due  to  the  venturi  effect,  and  raise  dust  in  the  process 
which  is  advected  out  over  the  Red  Sea.  Dust  may  also  be  generated  by 
local  convective  activity  (ha boobs)  ov  er  the  desert  and  be  advected  by  the 
prevailing  southwesterly  winds  through  the  I  okar  Gap.  Over  the  Red 
Sea,  the  flow  tends  to  turn  anticyclonically  so  that  the  entire  southern 
portion  of  the  Red  Sea  is  affected  by  the  dust.  From  an  operational  point 
of  view,  it  is  important  to  recognize  that  air  to  ground  visibility  in  dust- 
storms  is  generally  a  small  fraction  of  the  surface  reported  horizontal 
visibility,  therefore  it  may  not  be  possible  to  pick  out  an  airfield  from 
above,  even  when  reported  horizontal  surface  v  isibility  is  three  miles  or 
more. 
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I >iiusiurm\  (ieneraterf  bv  the  Summer  Sliumnl 
Persian  Hull 
June  I‘>  ■') 


IS  .lime 

1  lu-  I  >MNP  \  i\i hie  picture  at  ()H2  (iM  I  ( I  l-5?a) 
show1,  a  l.tigc  w  ale  dustslnrm  generated  by  a  summer 
sluni.il  \t  this  time  the  primal  y  dust  source  is  over 
western  Iran  Host  is  also  apparent  in  central  Iraq 
w here  suif.ivc  leattires,  lakes,  etc.,  are  obscured:  as 
well  as  loci  central  Saudi  Aiabia;  and  over  the  central 
portion  ol  the  Red  Sea.  I  he  Persian  till  It  is  totally 
obscured  by  dust.  1  he  SMC  surface  streamline 
analysis  t.n  llbOO GM  I  (not  shoivn)  reveals  numerous 
reports  ol  suspended  dust  north  of  the  IVrsian  (iull. 
alone  coastal  stations  ol  the  Persian  (iull,  and 
vvestwaid  to  the  Red  Sea.  I  he  eloekvv  ise  turning  ol  the 
suspended  dust  is  corroborated  bv  the  X50-nib  vvimi 
pattern  (not  shown:  see  Krishnanuirti.  P)7‘>)  which 
shows  an  aniieyelonie  How  pattern  ovc;  the  region 
with  50-kt  northerly  winds  at  kuw'ait.  I  he  surface  to 
XsO-tnh  wind  conditions  at  Dhahran  ( I  b-53ai.  lor  the 
period  Iroin  27  0000  GMI  to  26  0(100  (iM  I  show 
that  strong  w  inds  persisted  throughout  the  period  and 
that  a  nocturnal  jet  appears  in  evidence  on  the  0000 
GMT  (nighttime)  data.  I  his  condition  closely 
resembles  the  nocturnal  jet  profile  (H;-5.7b)  described 
by  Members  ( 10X7). 

With  the  summer  sliamal  being  an  extremely 
persistent  feature,  flhe  forecasting  of  the  development 
of  the  nocturnal  low-level  jet  may  be  the  most  critical 
issue.  One  can  be  sure  that  it  w  ill  not  occur  when  night¬ 
time  surface  winds  are  strong,  imply  ing  the  lack  of  a 
low-level  inversion.  Combining  (he  use  of  satellite 
imagery  to  monitor  the  dust  plume  activity  with 
conventional  surface  and  upper-air  observations  will 
provide  the  information  needed  to  forecast  nocturnal 
jet  events  My  keeping  a  record  of  the  surface  temper¬ 
atures  as  the  night  progresses  and  comparing  these 
with  an  afternoon  (1200  GMT)  sounding,  one  can 
determine  when  a  strong  nocturnal  surface  inversion  is 
developing  and  hence  the  likelihood  of  a  jet  formation 
aloft  in  the  evening. 

Important  Conclusions 

I.  I  lie  milliner  sliamal  does  not  produce  a  cloud 
signature  and  therefore  is  not  clearly  indicated  by 
cloud  lines  in  satellite  imagery. 

2  I  ocal  as  well  as  large-scale  duststonns  are  daily 
events  over  the  land  areas  north  ol  the  Persian 
Gull.  Iraq,  and  Kuwait  during  the  summer 
sliamal.  and  these  events  are  evident  in  satellite 
imagery. 

7.  Nighttime  strong  low-level  temperature 
inversions  tend  to  lotm  ovei  the  desert  areas 
dur’iig  the  summer.  A  noc’urual  low  jet  piotile 
witt,  the  core  near  600  to  700  tl  develops  under 
summer  sliamal  conditions  with  strong  surface 
inversions. 

-1  I  he  nocturnal  jet  tends  to  develop  under 
rn  nictate  summer  sliamal  conditions,  rather  than 
unde :  st long  conditions  where  mechanical  mixing 
tends  to  prevent  the  torniation  of  a  low-level 

inversion. 


6  forecasters  should  be  aimed  in  the  possibility  of 
strong  low-level  wind  shcai.  pmducmg  severe 
clear  air  turbulence  at  IVisi.m  Gull  locations 
dining  summer  nighttime  hums  whenever  a 
marked  low-level  inversion  cvrts 
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